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Since the late 1800's, American agriculture has made huge advances 
in the production of food and fiber. Dtlring this period, farmers have 
witnessed the passing of horse drawn equipment, the evolution of petro-
leum powered farm machinery, and the pioneering of farm micro-computers. 
These changes coupled with scientific advances in plant and animal hus-
bandry have made it possible for a shrinking agricultural work force to 
produce larger quantities of farm products. 
In the last 50 years agricultural production has been increased 
mainly by using more inputs purchased off the farm (Tweeten, 1979). 
This trend has made farmers more dependent upon other sectors of the 
economy and has greatly added to the cash cost of production. In the 
past, yield responses and product prices were large enough to easily 
cover added input costs. However, in 1976 Tweeten and Griffin found 
that prices paid by farmers for farm inputs were inflating faster than 
prices received by farmers. This trend has placed farmers in a price-
cost squeeze and app1:1_ed downward pressure on farm income. As a result 
of changes in the relative price ratios of farm inputs and farm output, 
farmers a.re interested in the possiblity of changing resource mixes. 
By finding less costly means of production, farmers may find temporary 
relief from tl~ price-cost squeeze. 
1 
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Another problem. faced today by agriculture is the need for better 
soil a:nd water conservation. This chronic problem has plagued farmers 
ever since the first plow was used in the colonies. At that time the 
land was natu"'."ally protected from erosive ·rains by a thick sod or leaf 
canopy. As more land was brought into production, larger areas of soil 
were left exposed. Consequently, huge amounts of our most productive 
soils have been lost to erosion. Even with the extensive work to bring 
soil erosion under control, it is estimated that the United States 
loses 2. 7 billion tons of soil solid material each year (Heath, Metcalfe, 
and Barnes, 1973). This is equi":,alent to losing the top six inches of 
top soil from 2.7 million acres, which is nearly the size of Connecticut. 
Farmers' cultural tillage practices are greatly responsible for 
soil erosion losses. Even with well designed terrace and wate.rway 
systems, exposed soil is eroded faster than it is formed by crop residue. 
If farmers could leave more crop residue on the soil surface, soil 
erosion would be greatly reduced. Thus, crop residues offer a means to 
complement existing investments in terrace and waterway construction. 
It is even possible that in certain situations crop residues may be a 
substitute for the large investments in terraces and waterways. 
Specific Problem 
At this point in time, little if any research has been conducted to 
estimate the producdon costs of reduced tillage wheat in Oklahoma. As 
£anners evaluate the need for conventional tillage operations, more and 
more que.st:ions are raised about the machinery cost reductions realized 
with reduced tillage wheat production. Little is known about how 
increased herbicide usage affects the size of a farmer's machinery set. 
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As a result of these questions more economic information is needed to 
better understand ex:i.sting input price relationships and the substitution 
of chemical herbicide applications with tillage operations. 
Reduced tillage wheat production syst"'ms are not new to Oklahoma 
wheat farmers. Agricultural researchers began working with reduced till-
age wheat in 1930 at the Wheatland Conservation Experiment Station near 
Cherokee, Oklahoma (Daniel, Elwell, and Cox, 1947). Unfortunately, it 
was too late to prevent the tremendous soil losses suffered during the 
"Dust Bowl" period of the late 1930 1 s. Their research, conducted over 
a period of 17 years, studied traditional clean tillage wheat against 
a newly conceived stubble mulch system. They found that the stubble 
mulch system greatly reduced run-off and soil erosion, but consistently 
yielded less wheat than the clean tillage systems. These yield differ-
ences were largely attributed to weed control problems in the stubble 
mulch systems. 
Since then several chemical herbicides have been developed and 
labeled for use on wheat. These chemicals have the potential to help 
c011.trol pr-oblem weeds and made reduced tillage wheat production more 
promising. As reduced tillage wheat has become more technically possible, 
soil conservationists have become more interested in it as a means to 
reduce soil erosion. Farmers are also interested in ways to reduce 
production costs. However, the acceptance or rejection of reduced till-
wheat production depends partly upon its costs relative to cost of 
conventional tillage wheat production. 
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Purpose of the Study 
The overall objective of this study is to investigate whether 
i:experimental" reduced tillage wheat production. systems are less costly 
than more conventional methods of producing wheat in Oklahoma. More 
specifically the objectives are: 
1. Identify various wheat production systems. 
2. Estimate the machinery requirements and optimal machinery 
complements for each system. 
3. Estimate the variable costs and fixed costs for each 
system. 
4. Investigate the sensitivity of the systems' costs to 
changes in key parameters. 
Study Area 
i-iheat production systems vary greatly across Oklahoma depending 
upon soil types, precipitation patten1S, and individual farmers' at ti-
tudes. In order to help bound these variables, Garfield County in 
North Central Oklahoma was chosen as the area of study. Farm size also 
varien greatly and affects the machinery complement size and cost. For 
the purpose of this study, farm size was fixed at two sections of land 
or 1,280 acres. This land is used to produce 1,240 acres of continuous 
winter wheat with 40 acres of improvements, waterways, and waste. 
Garfield County is in the heart of the Oklahoma wheat belt shown 
in :Figure l. In 1980 ~ Garfield County was the leading wheat producing 
county in the State, produeing 13.89 million bushels (Oklahoma Crop and 
Livestock Reporting Service, 1981). Wheat in 1980 was produced on 57.8 
percent of the 675 thousand acres in the county. Thus, wheat is by far 
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Figure 1. Map of Oklahoma Showing the Area of Study and County Whea
t Production Ranking 
in 1980. 
Ln 
county wheat acreage it was felt that Garfield County farmers would have 
the largest potential to use reduced tillage wheat production. 
Garfield County has a continental, temperate, subhumid climate. l 
This cl:Lmate -i.s dominated by warm moist air flowing from the Gulf of 
Mexico, which frequently causes dramatic weather changes as it mee.ts 
drier and colder air from the north. The rainfall data collected from 
1931-1960 show an average annual precipitation rate of 29.15 inches 
(Table 1). The annual precipitation has ranged from a low in 1956 of 
13.42 inches to a high in 1957 of 51.46 inches. Over this period of 
years, the annual rainfall was distributed about _12 percent in winter, 
30 percent in spring, 35 percent in sunnner, and 23 percent in fall 
(U.S. Department of Agriculture, 1967). With 58 percent of the annual 
precipitation falling during summer and fall, ti led wheat fields are 
very vulnerable to soil erosion losses. 
Garfield County is located near the eastern edge of the Great 
Plains in what is called the red-bed plains of northcentral Oklahoma. 
The streams flow sou.theastward with drainage channels dissecting the 
county at approximately one mile intervals. These drainage channels 
give the land a contour. 
Soil type is an important variable in machinery selection problems. 
The machinery sizes used in this study were selected for use on clay-
loam soils, such as the. Renfrom-Vernon-·Kirkland Association (Figure 2). 
These so]_ls are found on th~-?. sides of drainage channels and cover about 
23 percent of Garfield County. About nine-tenths of this association 
is cultivated~ mai.nly to wheat. Due. to their clayey subsoil, these 
soils absorb m•)isture slowly and require good soil conservation prac-
ti.ces. 
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Source: U.S. Department of Agriculture. Soil Survey of Garfield 
County~ Oklahoma. 
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Source: U.S. Department of Agriculture. Soil Survey of Garfield County, Oklahoma. 
Figure 2. Typical Pattern of Soils in Renfrow-Vernon-Kirkland Association. 00 
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Summary of Procedures 
Wj_th the help of agronomists, a series of wheat production systems 
will be defined. This series of systems will range from conventional 
clean tillage systems to zero-tillage systems. The conventional till-
age systems rely on mechanical tillage operations to control weeds, 
whereas the zero-tillage systems rely on chemical herbicides. Between 
these extreme types of systems, are a number of systems which use var-
ious levels of herbicides and tillage operations. Given the system 
definitions, the required field operations and operating inputs are 
identified for each system. 
Using these system definitions, a set of machinery or a machinery 
complement will be selected for each wheat prodi;ction syste.m. Each 
machinery complement will be capable of performing the required field 
operations in the time that is available on the case study farm. These 
machinery complements will be selected by an integer linear programming 
model, which minimizes total w.achinery costs. Therefore, the comple-
ments a.re not only capable of performing the required field operations, 
but perform the services at the least-cost. 
Once the optimal machinery complements are selected, the tractor-
implement combinations for each field operation can be identified. 
These tractor-implement combinations are entered into enterprise budgets 
along with operating input information. Given these data, enterprise 
budgets are formulated for each wheat production system. These budgets 
illustrate how costs change between the systems. Of particular interest 
is the. trade-off between machinery costs in the conventional systems 
with the herbicide costs in.the reduced tillage systems. The budgeting 
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process will also provide useful estimates of fuel, labor, and capital 
requirements of the systems. 
The final procedure in the study is to expand the base set of bud-
gets to reflect the costs of the systems when intere~t rates, fuel 
prices, and wage rates change to several levels. Eased on this infor-
mation, inferences can be drawn as to future acceptability of reduced 
tillage wheat production. These budgets also make the study's results 
adaptable to many different situations. 
Literature Review 
A computerized search of available data bases (CAB~ CRIS, AGRICOLA) 
revealed few references on the subject of reduced tillage wheat pro-
ducticm. Of the references found, a majority were fcrom international 
information sources. It appeared from these references that most work 
on reduced tillage wheat production has been published in Canada. One 
such study by RowelL1 Osborn, and Matthews (1977) reported the results 
of a seven year experiment dealing with the effects of reduced cultiva-
tion on wheat yields in New South Wales. The study began in 1967 and 
was designed to study the value of bipyridilium herbicides as substi-
tutes _for mech1mical weed control. They found the direct drill plots 
averaged 1.97 tons of grain per hectare compared to 2.02 tons of grain 
per hectare for the conventional tillage plots. Although the reduced 
tillage plots averaged lower yields, the difference was not statistically 
significant. An additional observation made in the study was the ten-
dency f;:;;r. grass weeds to build up under the minimum cultivation techni-
ques. 
In the United States limited research has been conducted on reduced 
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tillage wheat production since 1930. In J.930, agricultural researchers 
at the Oklahoma Experiment Station were studying a newly conceived 
method of wheat production called "stubble. mulching". They believed 
this system could be the answer to the serious soil conservation prob-
lems suffered in the "dust bowl" days. Since this research, Texas, 
Nebraska; and Oregon Experiment Stations have participated in reduced 
tillage wheat production studies. These studies were designed mainly 
by agronomists and soil scientists. As a result, the literature pub-
lished addresses agronomic issues in reduced tillage wheat production; 
such as herbicide effectiveness, soil wa.ter storage and runoff, weed 
control problems, and crop yield. The studies also. deal mainly with 
winter wheat-fallow rotations. In these systems the production cycle 
is two years. Therefore the studies have limited value to Oklahoma 
where continuous winter wheat is grown. Only one economic study on 
reduced tillage wheat production was found in the literature. 
In 1951 Daniel, Elwell, and Cox reported the results of a 21 year 
research project on stubble mulch wheat production. The research was 
conducted at the Red Plains Station of the Oklahoma Experiment Station. 
The researchers found that bare fallowed land generated 986 times more 
soil erosion.losses than Bermuda grass pasture land. Over an eight 
year period from 1942-·1950, the researchers reported the stubble mulch 
systems averaged ]./+,8 bushels per acre compared to the one-way plow 
systems' average yie1.d of 18.5 bushels per acre. These yield differ-
ences were largely attributed t:o consistently heavy infestations of 
cheat and weeds :in the stubble mu1c:h systems. 
Wiese, Bond, and Army. reported in 1960 the results of a chemical 
fallow study from 1955-1958. The study was conducted at Bushland, 
Texas and was desigr:ed to evaluate herbicides for chemical fallow ancl 
to determine the effects of chemical fallow on moisture storage, crop 
yields, and residue conservatJon. They found 2,4-D suec.essfully 
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con trolled broadleaf weeds, but could :1ot fin cl a he.rbicide to adequately 
control grasses. They concluded that whPn good weed control was 
possible, the reduced tillage systems could obtain moisture storage and 
crop yields comparable to present dryland tillage practices. They dis-
counted the possibility of increasing either yields or moisture storage 
by using chemical fallows. 
Another research project on chemical fallows was conducted at the 
Nebraska Experiment Station from 1959-1962 (Fenster, Burnside, and Wicks, 
1965). This study was designed to test the feasibility of several herb-
icides for use in chemical fallows. In the trial, Atrazine or Prometone 
at four pounds per acre controlled 100 percent of the weeds during the 
fallow period. However, these chemicals also tended to persist in the 
so:i.l for a longer than desired period of time. As a result the wheat 
plants frequently suffered serious injury. The researchers concluded 
that more suitable herbicides or cropping rotations must be devised 
before the reduced tillage systems could be feasible. 
The effects of no·-tillage and different times of stubble mulch 
tillage operations on moisture storage, nitrate accumulation, and wheat 
yields were studied al: the Oregon Experiment Station from 1962--1965. 
Oveson and Appleby (1971) reported -the no-till systems stored signi-
ficantly less moi:=;ture in the top 15 centimeters than the conventional 
tillage systems. Ho~ever, at a depth of 1.8 meters the systems were 
comparable at storing moisture. The yields for the chemical fallow 
systems generally were lower than the conventional tillage plots, 
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although the differences were not statistically significant. The 
authors did not make any comments about weed control problems in the 
chemical fallow systems. Overson and Appleby were among the fir.st to 
imply the neP,d for eccnomi.c an3.1ysis of ch::mfcaJ_ fallow systems, since 
weed control was becoming less of a problem. 
At North Platte, Nebraska in 1963 a study was initiated to deter-
mine whether chemical fallow was feasible for the al tenrnte winter 
wheat-fallow rotation c01mnonly practiced in the central Great Plains 
(Wicks and Smika, 1973). In the experiment five fallow treatments were 
compared over a five year period. The principal herbicides used in the 
study included Atrazine, Amitrole, and Paraquat. The best weed control 
in the 14 month fallow was achieved by using herbicides, while the poor-
est control was realized in the plow and stubble mulch systems. In the 
six years of the study, wheat yields for all the systems were excellent. 
In this study the highest yields were achieved with the chemical fallow , 
systems. The stubble mulch system and plow system yielded the poorest. 
The yields of the Paraquat plus Atrazine herbicide systems were statis-
tically higher than the stubble mulch system. 
Retzlaff and Hofman (1980) condueted an economic study of the energy 
requirements of six wheat production systems. They argued that while 
energy conservation is important, drastic energy conservation measures 
in the farm sector would hardly be detectable in the total U.S. energy 
budget. This is because the production of farm commodities accounted 
for only 2 .. 9 percent of total U.S. energy consumption in 1976. In the 
study six wheat production systems were defined: two conventional, two 
eeofallow, and two chemical tillage. The energy requirements for 
chemical production were roughly estimated at one gallon of diesel fuel 
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per pound of active chemical ingredient. The study concludes that three 
to four gallons per acre of diesel fuel could be saved by moving from a 
conventional to a chemical fallow system. 
Althoug11 Retzlaff and Hofman do a fa.:.:.rJy adequate job of estimat-
ing fuel requirement~: for va:rious wheat production systems, no estimates 
are made with respect to chemical and/or machinery costs. It js evi-
dent from the literature that reduced tillage wheat production may be 
technically possible with todays chemical herbicides. But the lack of 
economic literature in the area certainly points to the need for a thor-




In this chapter a general model is developed and applied to the 
case study farm. This general model is designed as a means of accom-
plishing the objectives of the st'ndy. The major components of the 
general model correspond closely to the procedures outlined in 
Chapter I. 
This chapter is organized into two major sections. In the first 
section, the quest:Lo:i of reduced tillage versus conventional tillage 
wheat production will be addressed in the context of economic theory. 
The question will be presented as an economic problem and developed 
in au economic framework. 
Based on this economic theory, a general model will be developed 
in the second major section of the chapter. In addition to the general 
model and procedures, this section will outline the data requirements. 
The results from the general model are discussed in the next chapter. 
Alternative Wheat Production Systems: 
.An Economic Problem 
Economic problems deal with allocating scarce resources among 
compe.ting wants in such a manner as to satisfy the wants as fully as 
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possible. Included in this definition are three major components that 
characterize economic problems. The first :important characteristic 
found in an economic proble.m is scarcity of resources. Scarcity implies 
that the quantities of most resources are limited within a given period 
of time. Because resources are limited, they have a value which is 
measured by a price. This price helps guide the allocation of resources. 
The allocation dilerrmia of scarce resources is the second characteristic 
of economic problems. Resources have many alternative uses and human 
wants always surpass what the resources can provide. Therefore, 
resources must be allocated among competing alternatives to obtain the 
"best" use of the fixed quantities of resources. Best depends upon 
some type of criteria, which is the third characteristic of economic 
problems. A criteria i.s an important standard against which alterna-
tive allocations of resources can be judged. Thus, economics provides 
a framework in which resource allocation problems can be studied to 
achieve maximal goal achievement. For these reasons, Doll and Orazem 
(1978) summarize economics as the science of choice making. 
The question of reduced tillage versus conventional tillage wheat 
production has these attributes of an economic problem and can be 
studied in an economic framework. This problem can be viewed as an 
allocation of two scarce and costly resources, chemical herbicides and 
farm tillage operations. Through a better allocation of these resources, 
producers may find a resource mix that increases net returns from their 
wheat enterprise. 
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The Factor-Factor Model 
Allocation problems of this type can be studied by using a factor-
factor production economics model. Figure 3 graphically depicts the 
economic relationships of a factor-factor model, with curves Y1 and Y2 
representing two individual isoquants from an infinite family of 
isoquants. Each isoquant represents the set of all possible combinations 
of x1 and x2 that yield a fixed quantity of output. For example, a1 and 
bl quantities of resource xl and x2 yield output Y1 . By moving along 
the curve Y1 , the quantities of x1 and x2 will change as one resource is 
substituted for the other. Although the level of production (Y1 ) does 
not change as movement is made along the isoquant, the total variable 
costs will change. Total variable costs are minimized for each isoquant 
at the combination of x1 and x2 where the marginal rate of substitution 
between the two resources is equal to the ratio of the resource prices 
(Leftwich, 1979). The set of all these least-cost combinations form a 
line called the expansion path. The least-cost combination to produce 
Y1 in Figure 3 is the point of intersection of the. expansion path and 
the Y1 isoquant. 
The factor-factor model is helpful to conceptualize the problem of 
reduced tillage versus conventional tillage wheat production. Chemical 
herbicides and tillage operations can be viPwed as two competitive 
resources used to control weeds. Since both resources are factor of 
production and used to control weeds, a trade-off exists between the 
resources. One farmer may choose to produce wheat with the more 
x 
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Figure 3. Factor-Factor Production Economics Model. 
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tradj_tional method of intense tillage, while another farmer may choose 
to apply more chemical herbicides and reduce the number of tillage 
operations. If both farmers produce equal amounts of wheat, ceteris 
/ 
paribus, the t\;.;ro wheat production systems rt.present two points on an 
isoquant. Because the two resources are substitutes, the isoquants have 
negative slopes as illustrated in Figure 3. 
If researchers knew precisely the production function of wheat, 
this allocation problem could be quickly resolved. Based on the wheat 
production function, the factor-factor model would indicate the number 
of tillage operations and the quantity of herbicides that should be 
used. Unfortunately, the real production function of wheat is a vastly 
more complex relationship. A large number of factors interact to pro-
duce each bushel of wheat. For this reason, it is impossible to esti-
mate a simple mathematical function which accounts for all the factors 
and interactions. Without the production function, marginal physical 
products and marginal rates of substitution cannot be estimated. There-
fore~ the factor-factor model cannot be used to find a global profit 
maximum. 
]!:nterprise Budgets 
Enterprise budgets can be used to analyze factor-factor relation-
ships of complex production functions. Ar.1 enterprise budget is a state-
ment of the. expected outcome from a particular production practice 
(.Jobes, 1978). Ea.ch enterprise budget projects the total factor costs 
Z;nci total revenue for one point on the production surface. By formulat-· 
ing enterprise budgets with diffe:tent resource combinations, many differ-
eut production possibilities can be studied, 
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Enterprise budgets will be used to model a number of alternative 
.wheat production systems. A series of wheat production systems can be 
designed with various mixes of herbicide applications and tillage opera-
I 
tions. By exrerimentally designing these ~;ystems with varying levels 
of herbicide and tillage usage, enterprise budgets can be used to com-
pare total costs between the systems. 
Due to the experimental nature of these systems, little data are 
available on yield responses to changing levels of herbicide applications 
and tillage operations. Research is currently under way to investigate 
these yield responses. But for this study, yields are ignored. If each 
system results in identical wheat yields, the budgets would reflect 
points on one isoquant. In this case, the budgets could be used to 
solve for, or approximate, the least-cost combination of resources. How-
ever, it is probably more realistic that yield differences do exist 
between systems. This will in the future require an analysis to include 
both changes in marginal cost and marginal revenues between the experi-
mental system. Since yield data are not available, the enterprise 
budgets in this study will be used to find the production possibility 
point in the series of systems with the least total cost. 
Model Development and Data Requirements 
In this second section of Chapter II, a general model is developed 
to economically evaluate conventional and reduced tillage wheat produc-
ti.on systems. This general model embodies the procedures discussed in 
Chapter I. By building the procedures into a general model, the 
sequence and interaeticns of the procedural steps can be more easily 
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grasped. In addition to the general model, this section presents var-
ious data required by the model to describe the case farm situation. 
/ 
Outline of Model and Pro1~edutes 
Since enterprise budgets are a means of economically evaluating 
various wheat production systems, their formulation is an important part 
of the general model. To formulate these budgets, four niajor steps are 
used. 
The first step is to define a series of wheat production systems 
in terms of operating inputs and ~.illage requirements. The operating 
inputs include items with variable costs of production, such as seed, 
fertilizer, and herbicides. In addition to specifying the quantities 
and prices of these items, the timing of their application is also 
important for annual operating capital charges. The second part of 
each system definition is the tillage requirements. The tillage require-
men.ts refer to the timing and type of each field operation required by 
a system. Therefore each system has a unique combination of operating 
inputs and tillage requirements. 
The second step in the general model is to identify tractor-
implement combinations. Based on the tillage requirements in the systems, 
tractors and implements must be selected for each field operation. Since 
the cost of a field operation depends 011 which tractor-implement combina-
tion is selected~ these costs are very illusive. To solve this problem, 
a machinery selection routine is used to find a least-cost machinery 
complement. This set of machinery provides the field operations for a 
given system with the least total costs. The machinery selection rou-
tine selects the machinery complements from a list of alternative 
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machinery items. This model a.lso formu1.at.;:,s constraints based on field 
I work days and timeliness levels. This machinery selection model will 
be discussed in more detail later. 
The third step in the general model is to formulate the enterprise 
budgets. In this step, the cost of the operating inputs are summed 
along with the various machinery fixed costs. To facilitate the speed 
and accuracy of this step, a computerized budget generator is used. 
The fourth step in the general model is to modify the enterprise 
budgets. These modified budgets project the total costs of the base 
budgets for many different fuel price, interest rate, and wage rate 
situations. From these final budgets, inferences can be drawn about 
how reduced tillage wheat production systems can compete with conven-
tional methods. 
These four major steps in the general model are shown in a 
schematic diagram in Figure 4. Flowchart notation is used to outline 
the different data requirements and steps in the general model. Input 
data and output material at each step are representedby non-rectangular 
parallelograms. The four major processing steps are represented by 
rectangles~ while arrows indicate the flow into and from each step. 
The remainder of Chapter II is organized into four parts, each 
covering one of the four steps in the general model. First the systems 
will be defined in terms of operating inputs and tillage requirements. 
The se.cond part in th:is section deals with the machinery selection 
.,, .. 
. ,,.· model. The remaining two paJ;'.tS o_f Chapter II discuss the computerized 
budget generator and derive the sensitivity model. This sensitivity 
·.···· 
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Wheat Production Systems 
The term 11wheat production system" is defined in this study as a 
unique combination and timing of field operations and operating inputs 
used to produce wheat. A.1.y variation in the number, timing or quantity 
of operating inputs and .field operations constitutes a different wheat 
production system. The wheat production systems are defined within a 
period of one year. Based on this defini.tion, each wheat production 
system can be represented by one unique enterprise budget. 
In this study, 22 systems are defined ranging from three conven-
tional clean tillage systems to two zero tillage systems. The zero 
tillage name may be misleading since a stubble drill is used which 
slightly tills the soil. However, the nomenclature is consistent with 
the industry jargon. Thus, the stubble drill operation will not be 
included in references made to the number of tillage operations for 
each system. Three conventional systems are identified to represent 
wheat production systems in use in Oklahoma. The term conventional 
is used to denote those systems in widespread use. The major differ-
ence between two of these conventional systems is that one uses a mold-
board plow as the major tillage implement, while the other uses a 
chisel plow, The third conventional system is formed by using a com-
bination of the moldboard and chisel plow systems. 
Ranging between the conventional and zero tillage systems are 
four systems which use various levels of herbicides and tillage opera-
tions. The systems were designed by an interdepartmental research 
team at Oklahoma State University. With the aid of agronomists from 
this team, the systems in this study are designed to closely parallel 
systems under consideration for test plot experiments by the research 
team (Peeper, 1981). One of the objectives of this research team is 
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to collect yield data from reduced tillage wheat plots. These data 
will someday provid,::o estimates of yield d:'...fferences among the systems. 
Tillage ~.equirements 
The field operations for the first eight systems, which range from 
conventional tillage to zero tillage, are shown in Table 2. All the 
field operations used in the various systems are shown. The symbol 
'XX' in the systems colunm indicates which field operations are used in 
each system. Along with the field operations, the timing of each field 
operation is shown. The first two field operations in Table 2 are 
insecticide and herbicide applications. Parathion and 2,4-D are used 
across all the systems to control greenbug and winter annual broadleaf 
weeds, respectively. In discussions held with agronomists (Peeper, 
1981), it was expressed that these two operations are good management 
practices in any wheat production system for North Central Oklahoma. 
Herbicide brand names are used in Table 2 and in this study help 
facilitate communication. The use of brand names is not intended to 
endorse the use of any particular product. 
The eight systems in Table Z form a base. set of systems from which 
combinations are formulated. }'ourteen such (50-50) combinations are 
formulated to bring the total number of systems identified in the 
study to 22. Each corr.bi11ation uses one of the base systems (Table 2) 
on 50 percent of the acreage and another system on the remaining acre-
age. 
Table 2. Required Field Operations of Wheat Production Systems 1-8 
--- -~ 
Systems 
Altern3tives Field Operations Time Period 1 2 3 4 5 6 7 8 
Aerial Insecticide Application Feb. 15 - March 15 xx xx xx xx xx xx xx xx 
Spray 2-1+-D Feb. 15 - March 15 xx X,"'{ xx Y.X X.Y xx xx 
Aerial Surfl.nr: + MCPA Application April l - 15 xx xx 
Spray Jladex + Paraquat June 16 - 30 xx xx 
Sweep Applying Bladex June 16 - 30 xx 
Sweep 1\pplying Bladex and NH3 June 16 - 30 Y.X 
Off-Set DJsk {first time over) June 16 - July 15 xx xx 
}loldboard Plow J~ne 16 - July 15 xx 
Chisel Plow (flrs.t time over) June 16 - July 15 xx 
Chisel Plow (second t:l.me over) July 16 - 31 xx 
Spread Dry i.~ertilizer August 1 - 15 xx xx 
Off-Set Disk (second time over) August 1 - 16 xx 
NH3 Knife Applicator August 17 - Sept. 15 ~oc xx 
Sweep Applying ~1H3 August 17 - Sept. 15 xx xx xx 
Liquid Nitrogen Applicator August 17 - Sept. 15 xx xx 
Spray 2~4-D (1/2 total acreage) August 17 - Sept. 15 xx xx xx xx xx xx 
Field Cultivator (first time over) August 1 - 15 :r..x 
Field Cultivator (first time over) Sept. 16 - 30 xx 
Field Cultivator (second time over) Sept. 16 - 30 xx 
Spray Paraquat Sept. 16 - 30 xx xx xx 
Conventional Drill Sept. 16 - 30 xx xx 
Stubble Drill Sept. 16 - 30 xx xx .XX xx xx xx 
N 
"' 
In the following discuss:'(on, the 22 systems are defined in terms 
of tillage requirements. Since the combination systems are developed 
fr.om the eight base systems, only the tillage requirements of the 
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first eight systems are discussed in deta-':..1. After these eight sys-
tems are defined in terms of tillage requirements, the 14 combination 
systems are identified with respect to their component systems. Given 
these tillage requirements, the systems are further defined in terms 
of operating inputs. In the following discussion, each system is 
named. and given an identification number. These system numbers will be 
used to address the systems in the remainder of the study. 
System 1 - Conventional Tillage (Plow). System 1 is one of three 
conventional systems identified. This system used a moldboard plow as 
the major tillage tool. Plowing is preceded by an offspt disk opera-
tion. The offset disk :i..s used to slow the hardening of the so:i..l due 
to drying. By tilling the. soil as quickly as possible with an offset 
disk, later deep tillage operations can be performed over a longer 
period of time. After the plow, the off-disk is used a second time to 
level and firm the soil. Dry starter fertilizer is applied with a 
fertilizer spreader and incorporated with a field cultivator. The 
starter fertilizer, 18-46-0, is used to satisfy the phosphate require-
ment and some of the nitrogen requirement. The remainder of the nitro-
gen requirement is filled by anhydrous ammonia, which must be knifed 
into the soiJ. The field cultivator is used to perform the final 
seedbed preparatj_on. The wheat is seeded with a conventional drill. 
The timing of these field operations is shown in Table 2. 
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System 2 - C?._nve:!'.ltional Tillage (Chisel). System 2 is the second 
.of the three conventional systems identified and uses a chisel plow as 
its major tillage tool. As in System 1, an offset disk is the first 
tillage tool -:.:sed after harvest. Unlike the plow, the chisel is used 
twice during June and July. After the second chisel operation, 
starter fertilizer is spread using a dry fertilizer spreader. The 
fe1:tilizer is th.en incorporated into the soil with a field cultivator. 
This incorporation is necessary because phosphate is not mobile in the 
soil profile. Next, anhydrous ammonia is applied with a knife applica-
tor. Final seedbed preparation i~ accomplished with a field cultiva-
tor. The field cultivator is followed by a conventional drill to sow 
the wheat. 
System 3 - ~o Tillage (Bladex +Sweep, Sweep). This system uses 
two tillage operations with a stubble mulch or sweep plow. The sweep 
is the major tillage tool and is used for tillage, spray application, 
and anhydrous ammonia application. The first sweep operation is per-
fonued immediately after harvest. This operation controls existing 
weeds by severing the roots below the soil surface. During this opera-
tion, a residual herbicide, Bladex, is applied. Bladex should control 
weeds, and in particular grasses through the summer months. The 
second sweep operation. occurs in late August or early September. 
Anhydrous ammonia is applied simultaneously. This tillage should be 
performed late enough to control volunteer wheat as well as other 
weeds. This system also uses spot treatments of 2,4-D over one-half 
of the acreage to help control broadleaf weed problems. 
A "stubble': dr:i.11 is required by the reduced tillage systems. 
This drill is much heavier than a conventional drill. Since the soil 
has not been extensively tilled, fluted colters on the stubble drill 
penetrate through the wheat straw and till a small band of soil for 
seed placement. These fluted colters are specially adapted rolling 
cutters simil::tr to disk blades. The stubble drill is also equipped 
with fertilizer boxes so that starter fertilizer, 18-46-0, can be 
applied through the drill. 
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System 4 - One Tillage (Bladex +Paraquat, Sweep). This system is 
identical to System 3 except that the first sweep operation is replaced 
with a herbicide application. Paraquat is used in a tank mix with 
Bladex and applied with a ground spray rig. Paraquat is a contact herb-
icide and controls existing vegetation just as the sweep in System 3. 
Bladex should control weeds through the summer months. 
System 5 - 0~1e Tillage (Surfl::in + MCPA, Sweep). System 5 uses an 
experimental residual herbicide, Surflan, in early April to control 
weeds throughout the summer. This herbicide is in the later stages of 
development and testing and is not commercially available. However the 
chemical is expected to be available in the near future. Surflan is 
applied over the standing wheat crop as a pre-emergent herbicide. The 
first 2,4-D application in late February or early March is substituted 
in this system by a MCPA applicatfon. MCPA is similar to 2,4-D except 
that wheat plants are more tolerant of HCPA. This tolerance allows 
application of MCPA later in the growing season with less danger of 
plant injury. It also allows the MCPA to be applied in a tank mix with 
Surflan for aerial application. This eliminates one spray operation 
that the systems without Sqrflan require. In late summer, anhydrous 
ammonia is applied with the sweep, which should control existing weeds. 
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As with the other reduced tillage systems, 2,4-D is spot applied over 
one-half the acreage. The starter fertilizer is applied through the 
stubble drill. 
System 6 - One Tillage (Blade:x + NH3 +Sweep, Paraquat). This 
system used only one tillage operation. A specially equipped sweep is 
used to apply both Bladex and anhydrous ammonia simultaneously in late 
June. The sweep will control any existing weeds and the Bladex should. 
control weeds through the summer. In August and September 2,4-D is 
used on one-half the acreage to control any problem broadleaf weeds. 
Paraquat is used to control all the vegetation in the field before the 
stubble drill operation. The wheat is sown and starter fertilizer is 
applied with a stubble drill. 
System_}_ -- N~_ Tillage (Bladex + Paraquat, Paraquat). This system is 
similar to Systems 3 and 4. In System 7, the sweep is totally replaced 
by herhicide applications. In late June, after harvest, a tank mix of 
Bladex and Paraquat: is applied to control existing and emerging weeds. 
Liquid nitrogen is used as the second source of nitrogen since anhydrous 
ammonia cannot be applied without some type of tillage operation. 
Broadleaf weeds are spot controlled with 2,4-D over one-half the acre-
age. Paraquat is used to control weeds ahead of the stubble drill, 
whj_ch applies the starter fertilizer. 
System 8 _:_ No Tillage (Surflan + MCPA, Paraquat). System 5 is 
very similar to this system. The sweep used in System 5 is replaced 
by herbicide applications. Sur flan is applied over the 
standing wheat crop as a pre-emergent herbicide. Liquid nitro-
gen is used as the second ~;ource of nitrogen since anhvdrous 
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ammonia cannot be applied without some type of tillage operation. 
Broadleaf weeds are spot controlled with 2, 4-··D over one-half the acreage. 
Paraquat is used to control weeds ahead of the stubble drill, which 
applies the starter fertilizer. 
Combinations. Fourteen combinations are fonnulated using the eight 
wheat production systems. In each combir:ation, two systems are used. 
Each of these two systems is used on 50 percent of the total acreage 
and alternated between fields eac:h year. Thus, one field never has 
the same system two years in a row. Combinations are helpful to con-
trol weeds which present problems in one system, but are easily 
controlled by another system. They also offer the possibility of spread-
ing the work load more evenly throughout the year. If two systems have 
different critical time periods, savings may be realized due to smaller 
labor and machinery requirements. 
Most of the combinations in this study were designed to reduce the 
total number of acres covered in the later part of June. Systems 1, 2, 
3, and 6 require a great deal of field work in the second half of June. 
Because of this time constraint, machinery must be selected for these 
systems large enough to perform the field operations in·a short period 
of time. Systems 4, 5, 7, and 8 are not machinery intensive in June. 
Therefore, most of the combinations were designed to include a system 
that is machinery intensive and a system that is machinery non-intensive 
in June. The combinations designed are as follows: 
System 9 50% System 1 Conventional Tillage (Plow) 
50% System 4 - One Tillage (Bladex + Paraquat, Sweep) 
System 10 - 50% System 1 Conventional Tillage (Plow) 
50% System 5 - One Tillage (Sur flan + MCPA, Sweep) 
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System 11 - 50% System 1 - Conventional Tillage (Plow) 
50% System 7 - No Tillage (Bladex + Paraquat, Paraquat) 
System 12 - 50~~ System 1 - Conventional Tillage (Plow) 
50% System 8 - No Tillage (Surflan + MCPA, Paraquat) 
System 13 - 50% System 2 - Conventional Tillage (Plow) 
50% System L1 - One Tillage (Bladex + Paraquat, Sweep) 
System 14 - 50% System 2 - Conventional Tillage (Chisel) 
50% System 5 - No Tillage (Surflan + MCPA, Sweep) 
System 15 - 50% System 2 -· Conventional Tillage (Chisel) 
50% System 7 - No Tillage (Bladex + Paraquat, Paraquat) 
Sy stern 16 - 50% System 2 - Conventional Tillage (Chisel) 
50% System 8 - No Tillage (Surflan + MCPA, Paraquat) 
System 17 - 50% System 3 - Two Tillage (Blad2x + Sweep, Sweep) 
50% System 4 - One Tillage (Blade:x + Paraquat, Sweep) 
System 18 - 50% System 3 - Two Tillage (Bladex·+ Sweep, Sweep) 
50% System 5 - One Tillage (Surflan + MCPA, Sweep) 
System 19 - 50% System 6 - One Tillage (Bladex + NH3 + Sweep, 
Paraquat) 
50% System 4 - One Tillage (Bladex + Paraquat, Sweep) 
System 20 - 50% System 6 - One Tillage (Bladex + NH3 + Sweep, 
Paraquat) 
50% System 5 - One Tillage (Surflan + MCPA, Sweep) 
System 21 - 50% System 1 - Conventional Tillage (Plow) 
50% System 3 - Two Tillage (Bladex + Sweep, Sweep) 
System 22 - 50% System 1 - Conventional Tillage (Plow) 
50% System 2 - Conventional Tillage (Chisel) 
The quantities and prices of the operating inputs applied in each 
of the 22 systems are shown in Table 3. The operating inputs in Table 3 
comprise the majority of the total variable costs for each system. The 
remaining variab:Le cost components :inclurl.e annual operating capital, 
labor charges, fuel, lubrication, and machinery repairs. These variable 
costs are estimated in the budgeting process .and are therefore not 
Table. 3. Operating Inputs Used in Wheat Production Systems 
Operating Inputs Units Price 1 2 3 4 
Parathion Oz. 0.086 10.0 10.0 10.0 10.0 
Aerial Insecticide Application ACRE 3.00 1.0 1.0 1.0 1.0 
2 - 4 - D Pt. 1. 70 0.75 0.75 1.125 1.125 
Sur flan Lbs. 10.40 
MCPA Pt. 2.09 
Aerial Herbicide Application ACRE 3.00 
Blad ex Lbs. 3. 77 2.5 2.5 
Paraquat Pt. 5.85 1.0 
18 - 46 - 0 Dry Fertilizer Cwt. 14.50 0.88 0.88 0.88 0.88 
Dry Fertilizer Sp:·eader Rental Cwt. 0.12 0.88 o.88 
Anhydrous Ammonia (NH3) Lbs. 0.15 103.0 103.0 103.0 103.0 
Liquid Nitrogen (N) Cwt. 6075 
tiqui.d N Applicator Rental Cwt. 0.30 
Seed Treatment/Bushel Seed Bu. 0.50 1.0 1.0 
Seed Bu. 5.00 1.0 LO l~O . 1.0 
Svs~ems 
5 6 7 8 
10.0 10.0 10.0 10.0 
1.0 1.0 1.0 1.0 
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Table 3. (Continued) 
-
Operating Inputs Units Pr:tce · 12 13 14 15 
1+8 2+4 2+5 2+7 
Parathion Oz, 0.086 10.0 10.0 10.0 10 .o 
Aerial Insecticide Application ACRE 3.00 1.0 LO 1.0 1.0 
2 - 4 - D Pt, 1.70 0.565 0.94 0.565 0.94 
Sur flan Lbs. 10.40 0.625 0.625 
MCP.\ Pt. 2.09 0.375 0.375 
Aerial Herbicide Application ACRE 3.00 o.s 0.5 
bladex Lbs. 3. 77 1.25 • i.2s 
P<iraquat Pt. 5.85 0.5 0.5 1.0 
18 - 45 - 0 Dry Fertilil:cr C\Jt. 14.50 0.38 0.88 0.88 0.88 
Dry Fertilizer Spreader Rectal Cwt. 0.12 0.44 0.44 0.44 0.44 
Anhydrous A=onia (NH3) Lbs. 0.15 
51.5 103.0 103.0 51.5 
Liquid Nitrogen (N) Cwt. 6.75 
1.50 1.50 
Liquid N Appli.cator Rental Cwt. 0.30 
1.50 1.50 
Seed Treatment/Bushel Seed Bu, o.so o.s o.s 0.5 0.5 
Seed Bu. 5.00 
1.0 1.0 1.0 1.0 
Systems 
. 
16 17 18 
2+8 3+4 3+5 
10.0 10.0 10.0 
1.0 1.0 1.0 




• 2.5 1.25 
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required. as input dat<J., The quantities of the operating inputs used 
were based on recommendations by agronomists (Peeper, 1981). Prices 
used for the operating inputs indicate statewide acreages in Oklahoma 
as of July 1, 1981 (Peeper, 1981). 
Several of the operating inputs (Table 3) were held constant 
across the systems. Ten ounces of Parathion were aerially applied to 
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all systems. The Parathion application helped to protect the wheat in 
each of the systems from potentially damaging greenbug infestations. 
An attempt was also made to maintain equal fertilization rates across 
the systems. Approximately 40 pounds of phosphate was supplied to each 
of the systems via the 18-46-0 starter fertilizer. Since this fertilizer 
contains only 46 percent phosphate by weight, 88 pounds were required. 
The mode of application for the starter fertilizer varied among 
systems depending upon the type bf tillage practices. Because phosphate 
is not a mobile nut:i~ient in the soil profile, it must be incorporated 
into the root zone. Thus in Systems 1 and 2, and any combinations using 
Systems 1 and 2, starter fertilizer was broadcast with a rented dry 
fertilizer spreader. The ferti.lizer was then incorporated using a field 
cultivator or an off set disk. The advantage of this application mode is 
speed. The dry fertilizer spreader can apply fertilizer to 25 acres 
per hour. The other mode of starter fertilizer was through the stubble 
drill. The stubble drill was equipped with a fertilizer attachment 
which allowed placement of the fertilizer in a band next to the seed. 
This mode was used in the reduced tillage system since incorporation 
w:i.th tillage tools was not available. The stubble drill mode is usually 
less desirable because it decreases field efficiency in a critical 
time period. 
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Each system was also supplied 100 pounds of actual nitrogen, 15.8 
.pounds of which was supplied by starter fertilizer. The remainder of 
the nitrogen was supplied by applying 103 pounds of anhydrous ammonia 
(NH3) or 301 pounds of liquid nitrogen.. Since liquid nitrogen is more 
expensive than NH3 as a source of nitrogen, it was used only in the 
no-tillage systems. Potassium fertilizer was not applied to any of the 
systems because of its natural abundance in western Oklahoma soils. 
All of the wheat production systems were seeded at a rate of one 
bushel per acre. Seed treatment was used on the reduced tillage systems 
to offer additional protection fr.om insects, fungus, and rodents. These 
pests are likely to be more of a problem in reduce tillage systems due 
to additional crop residues. 
The herbicide rates found in Table 3 correspond to label recommenda-
tions. Surflan was applied at a rate of 1.25 pounds per acre. This 
herbicide was applied by air in a tank mix with 0.75 pints of MCPA. 
Aerial application charges for either herbicide or pesticide applica-
tion totaled to $3.00 per acre. When MCPA was not applied, 0.75 pints 
of 2,4-D were used in early spring to control winter annual broadleaf 
weeds. 2,4-D was also used over 50 percent of the reduced tillage 
acreage in late st!mmer. This application of 2,4-D was used to control 
problem areas of broadleaf weeds. In the systems requiring Bladex, 
a 2.5 pound per acre application rate was used. Each application of 
Paraquat for any of the systems contained 1.0 pint of Paraquat per 
acre. 
Selecting Tractor-Implement Combinations 
One difficulty in using enterprise budgets to evaluate different 
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wheat production systems is selecting tractor-implement combinations. 
Each tillage operation for any wheat production system requires the use 
· of one tractor and one implement. The difficulty arises in selecting 
which tractor size and implement width should be used for a given field 
operation. 
This select:i_on problem is usually thought of in a whole farm con-
text. Any given farm requires a set of machinery capable of performing 
the tillage operations in the field days available. Such a machinery 
set is often referred to as a machinery complement. The tillage opera-
tions can be thought of as a flou of services from a machinery comple-
ment. Therefore, a machinery complement must be found for each system 
before the enterprise budgets can be formulated. When the machinery 
complements are found, the tractor-implement combinations can be 
entered into the enterprise budgets for machinery cost calculations. 
Because of the large number of machinery sizes available, there 
are many machinery complements that can perform the required tillage 
operations. However, the costs of the tillage operations vary greatly 
depending upon the machinery complement used. It therefore becomes very 
important to the study to find the machinery complement for each system 
that provides the tillage operations with the least cost. By comparing 
the costs of tillage operations with optimal machinery complements, a 
more consistent view of tillage cost can be generated. 
An optimal machinery eomplement is defined as a set of machinery 
that can perform the required tillage operation in the field working 
days available with the least total cost. By de.finition, it requires a 
machinery selection process where total machinery costs are minimized. 
Total machinery costs include both fl.xed and variable cost components. 
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. l1ixed Intege:r Programmi1?:_€;. 
Mixed integer programming (MIP) can be used to select an optimal 
machinery complement. MIP is a mathematic.al programming procedure 
where certain variables are constrained to integer values. The capa-
bility of using integer .variables is an important characteristic for a 
machinery selection model. These integer variables allow the model to 
select machinery items into a machinery complement in whole units. 
Previous to the development of MIP, machinery selection studies 
used nonoptimizing systems simulations, least-cost comparisons, or 
systematic search techniques. Griffin (1980) summarizes much of the 
literature in these areas. However, machinery selection alternatives 
quickly become quite numerous even when a small number of tractor and 
implement sizes are considered for several field operations in several 
periods. Due to the large number of alternatives, these procedures 
arE: easily overwhelmed. As a result, these procedures required assump-
tions which so strictly bound the problem that little practical infor-
mation c.an be gained from their solutions. 
In addition to the nonoptimizing procedures, attempts have been 
made to use linear programming to select least cost machinery comple-
ments (Armstrong and Faris, 1964). These linear programming models 
were capable of efficiently evaluating large machinery selection prob-
lems. However, the integer nature _of machinery selection problems 
violate the assumptions of infinitely divisible resources and activities 
in linear programming. A linear programming solution using fractions 
of tractors and implements fails to answer the questions of which 
machine to include in a complement. Thi:~ pro bl em of fractional mach-
inery items was largely the reason for using non-optimizing techniques 
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in machinery selection problems. Thus, machinery selection models 
_used either non-optimizing procedures, which could solve only small 
integer problems, or linear programming, which could solve large prob-· 
lems with non···integer values. 
The development of MIP offered the advantages of linear prograrruning, 
wh:l.le maintaining the integer nature of machinery selection problems. 
In 1970 IBM introduced an algorithm to solve mixed integer programming 
problems (IBM Corporation, 1973). The package, called Mathematical 
Programming Systems Extended (MPSX), offered the capability of Mixed 
Integer Programming (MIP). This package was a significant achievement 
in the field of integer programming. When properly used, MPSX-MIP 
offers a means to efficiently solve large scale mixed integer linear 
programming problems. 
Mixed integer programming problems are a more constrained form 
of a linear programming problem. Additional constraints are necessary 
to .require certain variables to maintain integer values. Due to these 
integer constraints, some of the mathematical properties found in con-
tinuous linear programming problems are lost. This loss makes integer 
programming problems more difficult to solve than non-integer pro-
gramming problems. 
One important mathematical property lost in integer programming 
is convexity of the feasfole region. In general, when dealing with 
continuous problems, in a non-dimensional space, a feasible region 
is a closed convex set and has n + l corner points (Agrawal and Heady, 
1972). Each corner point is a basic feasible solution to the set of 
constraints. Thus, in linear programming problems, optimization occurs 
by evaluating the object:ive function at corner points and selecting 
the maximum (or minimum) value. In integer programming the solution 
region is nei.ther convex nor continuous. Loss of these mathematical 
properties make it difficult to find feasible integer solutions. 
These integer points no longer have to be e:~treme or corner points. 
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One solution technique used to solve integer programming problems 
is a branc11 and bound routine (Hillier and Lieberman, 1974). This type 
of integer programming algorithm is used by the MPSX-HIP software pack-
age. The procedure starts by finding a continuous solution to the LP 
problem. At this step, if all the variables required to be integers 
have j_nteger values, the procedure stops because the continuous solu-
tion meets the integer constraints. If any of the integer variables in 
the continuous solution have non-integer values, the program selects 
one of the variables to integerize. The variable's value is set to 
two integer values by rounding the fraction of the continuous value 
up to and down to the nearest integer value. This is called a branch 
and the non-integer problem is now split into two new LP problems. 
Each of the new LP problems has an additional constraint which fixes 
the selected variable to one of two integer values. Each new LP 
problem is solved with the additional integer constraint. The problem 
with the smallest objective function value (in minimization problems) 
is selected for further iterations. At each iteration, an additional 
variable is integer:Lzed, creating two more LP problems. The problems 
are evaluated and the problem with the integer value yielding the 
smallest objective function i,s a candidate for further branching. This 
branching procedure is iterated and constraints are added until all the 
required variables are integerized. In this manner, the branch and 
bound technique finds integer solutions. 
_In. general, mixed integer programning minimization problems can 
be stated (Hillier and Lieberman, 1974) as: 
n 
Minimfae Z I C.X. 






j = 1 
A .. X. ·< b., for i =·l, 2, ••• , m, 
1.J J. - 1. 
x. integer, for j = 1, 2, ... ' I (I < n), 
J -
X. > 0, for j = 1, 2 n, 
J 
, ... ' 
Z = objective function value, 
11 = number of activities, 
C. prices or other weights for the objective function, 
J 
X. decision variables, 
J 
A.. = technical coefficients, 
1.J 
b. resource or other constraints, 
1. 
m number of constraints. 
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If I = n the programming problem is a "pure11 integer problem. This 
formulation is useful to conceptualize how integer progrannning can be 
used to select a machJ.:1ery compleme_nt which minimized total machinery 
costs. In a machinery selection problem each tillage operation can be 
divided into two act:Lvities. One activity accounts for the variable 
costs incurred by using a certain tractor-implement combinations. The 
second activity accounts for the fixed costs of each tractor-implement 
combination. This second activity can be constrained to integer values 
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so that tractors and implements enter the complement at integer levels. 
Thus, once a machine enters the complement it has fixed ownership 
costs regardless of its usage. The problem c:an be constrained by the 
number of hours available to complete desir'C'd field operations. In 
this manner, MIP allows mach:Lnery to be selected which minimized the 
total cost of performing tillage operations. 
Optimal Machinery Complement Selection Systell'._ 
The Optimal Machinery Complement Selection System was developed by 
Griffin (1980) and represents one of the first machinery selection 
models to harness the power of IBM's MPSX--MIP package. Using this 
model, a machinery complement can be selected which provides the 
required tillage services with the least cost. Therefore, OMCSS is an 
important tool to find the tractor-implement combinations for enter-
prise budgets. Once the tractor-implement combinations are found for 
each field operation, the machinery costs can be calculated for the 
wheat production systems. 
The Optimal Machinery Selection System (OHCSS) approaches a 
machinery selection problem in two steps. First, OMCSS uses a matrix 
generator to create a linear progrannning matrix for a particular mach-
inery selection problem. The second step uses MPSX-MIP to select a 
machinery complement from the matrix which minimizes total machinery 
costs. 
The OMCSS matrix generator requires three sets of input data to 
calculate machinery costs and build the linear programming matrix. 
First, the field operations for wheat production system must be identi-
fied (Table 2). The second set of input data required is a list and 
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ranking of alt,ernative machinery items from which the machinery comple-
ments can be selected (Tables 4 and 6). These data include various 
information about each machine's cost curves, field capacity, and power 
requirements. The third set of data requi·,.·ed by OMCSS is the field work 
days available in each period (Table 7). Field work days are the 
expected number of days in a given period when field conditions are dry 
enough to perform tillage operations. These data requirements are dis-
cussed in more detail later in this section. 
Based on these data, the OMCSS matrix generator calculates fixed 
and variable costs for each alternative machinery item. The fixed costs . . 
include charges for depreciation, interest on machinery investments, 
taxes,and insurance. Total variable costs are calculated on an hourly 
basis and include fuel, lubrication, and repair expenses. These cost 
calculation procedures are based on work done by Bowers (1970). 
After the machinery cost calculations, the matrix generator creates 
linear programming activities for each possible machinery item. For 
example, consider a spray operation in one time period. In a hypothe-
tical list of alternative machinery items, say there are two sprayer 
sizes and five tractor sizes, which are all capable of pulling either 
sprayer. The matrix generator would approach this selection problem 
by creating four sprayer actj_vi.ties and 15 tractor activities. Two of 
the sprayer activities account for the total variable costs per hour of 
each sprayer. The remaining two sprayer activities are integer machinery 
purchase activities. Of the 15 tractor activities, the first five 
activities account for the total variable costs of the tractors pt!lling 
the first sprayer. The second five tractor activities account for total 
variable costs of the tractors pulling the second sprayer. The 
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remai.ning five tractor activities are integer tractor purchase activi-
ties. These integer purchase activities allow machinery items to enter 
the machinery complement at integer values. Once a machine enters the 
machinery complement, it supplies a limited number of machine hours 
with certain fixed costs. These fixed costs are incurred regardless 
of how many hours a machine is used. The total variable and fixed 
cost per hour are accounted for in the objective function as C. values. 
J 
In this manner, the matrix generator sets up linear programming 
activities which account for the total variable and fixed costs of each 
possible tractor-implement combination. The matrix generator also for-
mulates the necessary linear progranuning constraints. These constraints 
requj_re the designated operations to be performed in the field hours 
available. The constraints also tie the tractor-implement combinations 
together according to the machinery ranking. For a more detailed dis-
cussion of the constraints see Handke (1982). 
As previously discussed, OMCSS requires three sets of input data 
for a particular machinery selection problem. The discussion on select-
ing tractor-implement combinations will conclude by presenting in 
detail these data sets required by OMCSS. Since the tillage operations 
for each system have been defined, there is no need to repeat the system 
definition at this point. Therefore, only the list and ranking of 
available machinery items along with the field work days available are 
presented. 
data required is the machinery available for selection of the least 
cost machinery complement. ·This list of machinery is shown in Table 4. 
The linear programming model selects from this list of machinery the 
least cost machinery complewent for each system. 
In '.!'able 4, 14 different types of machinery implements are 
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listed. Most types of machinery implements have several sizes. Eight 
tractor sizes are included and replicated in the list. The tractors 
are replicated to permit two tractors of the same size to be selected 
into one machinery complement. The two smallest tractors are not 
available with cabs and the largest tractor is a four-wheel drive model. 
With the different tractor and implement sizes available, the number of 
possible tractor-implement combinations is extremely large. 
Along with each machinery item in the list, are 15 columns of 
coefficients. These coefficients are used by OMSCS and in the budgeting 
process for machinery cost computations. The machinery sizes and ,, 
initial list prices were collected from John Deere retail price books 
as of July, 1981. By pricing one line of machinery, the cost of increas-
ing machinery size is reflected in the price structure. Endorsement of 
this machinery line is not intended, but it was chosen because price 
data were available. The purchase price of the machinery is fixed at 
90 percent of the list price. The remaining coefficients in Table 4 
correspond to values commonly used in representative machinery comple-
ments maintained for the Budget Generator (Kletke, 1979). 
Along with the list of machinery items, the model requires the 
machinery items to be ranked. Ranking re.fers to the matching of 
implement widths to tractor sizes. The tractor must be large enough 
to pull the implement at a desirable speed and depth. 
The maximum width a tractor can pull is a function of four vari-
ables (Jones and Eov.7ers, 1977). Tht.~ first variable is a measure of 
Tz:ible I 4. Selection List of Available Machinery Items 
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Table 4. (Continued) 
COLU"!N 1 2 3 4 5 5 7 a 9 10 11 12 13 14 1S 1b 
Nd"IE OF l!ACHIN2 tOOE WIDTH INITIAL SPE:D ;<I2L!> RC1 RC2 RC3 HOU~S YEARS RFV1 RFV2 PURCHASE FUEL HOURS HP 
(FE!:T) LI ST ( PIPH) !:F•IC- USEJ OWNED PR [CE TTP~ OF 
PUCE ENCY •NNUALLT l!F~ 
OFF-SET D!SK 51. 27.0 2163 8. 5.5 0.75 0.65 0.000251 1.80 132. 10 .o 0.600 0.885 19475. a. 20')0. o. 
52. a.a o. o.o o.o o.o o.o o.o o. c.o o.o o.o o. o. o. a. 
H'ICf~ OISI!. 53. 12.7 45 33. 5.5 0.75 c. 0; o.auc2s1 1.~J 13 2. 1c.o 0.600 o.~s5 4080. o. 2000. o. 
fA>jD"I' 0£SIC. H. 14.3 56 54. 5.5 o.75 0.6) 0.000?.51 1 • 8 0 • 132. 1 o.o 0.600 0.885 5081. a. 20GO. o. 
TANOEPI D!SK ss. 15. 7 75-07. 5.5 0.75 o. 6 5 O.O'JC251 1. 8·J 132. 10.0 0.6'JO o.~85 6757. o. 20JO. J. 
TA!'ID:M orsK 56. 19. 9 11 a'l3. 5.5 J.75 o. 6 5 O.QJC251 1. 8') 13 2. 1a.c 0.6:10 o~~as 9~03. o. 2000. o. 
'iA~O ':I'! !JISK 57. 22.8 12833. 5.5 0.75 0.6 s C.GJa251 1. 8•J 13 2. 10.0 0.600 a.ses 11595. o. 2oac. o. 
TA~Oi:!1 OISll: sa. 27 .1 157 78. 5.5 ').75 o. 6 5 0.0002~1 1 • ~a 13 2. 10.0 0.600 o. ~8 5 1s100. o. 2000. 0-r 
TA'ID':M DIS~ 59. 30 .1 179 so •. 5.5 0.75 C.65 C.O<JC251 1. S'J 132. lC.O 0.6JO o.ses 16153. o. 2iJJO. a. 
u•;o=r; DIS!: 6C. 40.3 25291. 5.5 0.75 0.6 5 0.000251 1. ~J 132. 10.0 0.6JO 0.385 23662. '). 2000. o. 
51. o.o o. o.o i). IJ o.o o.a a.a o. c.o o.a O.'l o. o. c. o. 
sw:E? ~ SF 52. 15.0 9494. 5.5 ·J. 5 5 o. 6 5 O.O•JC251 1 • 8·J t 37. 10.C 0.6JO J. SS 5 8545. o. ?.O'lO. o. 
SW:Eo ~ SF 53. 2a .. o 14B!. 5.5 '.l.55 0.65 C.C3C251 1. 8J 137. 10.0 0.600 a.~85 12955. o. 2a•JO. o. 
sw:E? ~ SF 64. 25.0 10528. 5.5 0.55 c. 6 i O.Q.JC25 I i.~o 13?. 10.0 0.6)0 J. 8 8 5 14875. a. 20CO. o. 
sw:=• ~ SF 55. 30.0 2Q4H. 5.5 0.55 0. 6 5 C.000251 1 • e 'J 1!7. 10.0 0.600 (). 33 5 18 39 3. o. 2000. o. 
s~:e? ?. SF 66. 35. () 2 33 7 6. 5.5 0.55 c. 6 5 O. ()·JG 251 1. 3J 137. 10.c 0.600 0.385 21036. o. 2000. o. 
S7. a.o o. a.a i).J a.a c.o c.a J. a.a o.o o.o '). o. a. o. 
sw:::p ~ ~ ~a. 15.0 76 JS. 5.5 :J.65 o. 6 5 0.000251 1. 8') 137. 10.0 0.600 o.~85 6 34 4. o. 2CCO. o. 
sw:::• ~ ;o ~9. 20.J 119JS. 5.5 u.SS 0.65 O.OJOZS1 1.30 13 7. 10.0 0.600 o. 3 3 5 1C 714. o. 20'10. a. 
sw:Eo ~ F 7(;. 25.0 14026. 5.5 0.65 o. 6 5 O.OOC251 1.8'.l 137. 10.0 a.600 J. 38 5 12523. J. 20•JC. o. 
sw:E? l F 71. 30.0 17386. 5.S ·J. 5 s o. 6 5 O.C~025.1 1. B·) 137. 1 c .a a.6'JO !). 3 s 5 15647. a. 2aoo. o. 
So':EP ~ F TC.• 35.Q 202 .)1. 5.5 J.55 a.6 5 O.OJ0251 1. 8·J 13 7. 10.0 0.600 o.~~5 1e11!G. o. 2C:QO. i). 
f!ELC> CULTIVHOR l'J. 9.5 1591. 5.5 Q.75 1. 0 .) O.O'JC251 1 • ! •) 13 5. 10.0 o. 6•)0 o.sss 143 2. o. 2000. 'J. 
~I:L3 CULTIV~TOR 74. 9.5 1511. 5.5 J.75 1. O'J 0. O'JC2S1 1. 3.) 135. t o.c 0.6·Ja o. 3 3 5 , 432. a. 2080. a. 
~I:LD CULTIV~TOR 15. 12.5 20•JO. 5.5 0.75 1. o ·J 0. c JO:: 2 51 1. 8J 1 3 5. 10.0 0.600 0. ~8 5 1 ~a·::. •J. 20JIJ. ·). 
FIELD CUL~,V~70R 76. 13.5 2170. 5.5 i). 75 1. 0·) 0.0·1~~51 1. B'l . 135. 1 a.a O. 6'JO o. 3~5 1 gs 5. '.). 2a.JO. o. 
FEL~ CULTIVHJR 77. 16.5 3549. s.5_ o.75 1.ao 0."CJC251 1. !J 13>. 1a.a .a.61)0 o. s ~ 5 3191.. J. 20 JO. '). 
n=LD CULTIVHOR n. 19.5 ~812. 5.5 J. 7 5 1.00 o.0~0201 1. 8J 135. IC.O a.600 'J. ~8'5 4 '3:! 0. o. 2010. o. 
Fr:L~ CULTIV~TOR 79. 23.5 5732. 5.5 ·J. 75 1.01) O.OGC251 1. 8') 13 5. 1C.O 0.600 'J.es5 5157. o. 2000. o. 
FX:LJ CUL TIY HOR 30. 27.5 92J8. 5. 5 ~.75 1.0'J O.OOC251 1. P.O 135. 10 .c O. 6·JO 'l. s es e 2u. a. 2aCO. o. 
FioL!l CULTIVHOR 31. 36.5 11450. 5.5 'J.75 1.0 'J O.OIJC251 1 • 8•) 13:;. 10.0 0~600 0.335 10 30 5. •J. 20<::0. o. 
32. o.o a. o.o a •• J a.a a.a o.o o. o.o o.o o. ·J J. J. o. o. 
lNYTJ<OUS 4PPLIE n. 15.0 3072. 5.5 o.~1 1.0'l C.O\JG~31 1. 6·1 137. 10.0 0.600 0.385 2765. o. 10·30. o. 
aNHYORjUS ~PPLIE 34. 22.0 4092 .. s.s ·) .67 1.0".l Q.01G611 1 • 6 J 13 7. 10.a 0.600 a.~~s 368 3. o. 1aao. o. 
~N>iYOR0U5 UPLIE SS. 28.0 4747. 5.5 'J.67 1. 0 ') 0.01063, 1. 6f) 13 7. lC.C 0.600 o.~es 4272. o. 1 O'JO. o. 
STUooL= O~ILLW/F 36. 1 3. 2 1 2 et. s. 4.5 '). 5 5 a. 6 5 G.CJ•J251 1. s J 13 3 • . 10.0 0.600 IJ. 385 1156:). '). 1 aoo. o. 
STUB3lo JRILL!o/F 37. 26.4 26158. 4.5 J.55 o. 6 5 o.c:•n51 1.80 13). 1a.o a.600 0.8es 23542. '). 1ccc. o. 
STUB3LE JR!LLk/F 38. 39.o 3?467. 4.5 0.65 C.6 5 G.OJG2S I t. ea 
13 '· 
10.0 0.60a 0.385 35520. I). 10CO. o. 
S9. o.o c. a.c J.;) a.a o.o O.'l '.). a.o o.o o.o o. o. o. o. 
ORILL W/'J en. 10. 20.0 70;2. 4.5 0.70 o. 6 s O.O·JC151 1. s J 13 3. 1a.o O. 6·JO Q.!as 6356. o. 1000. o. 
')RILL W/'J En. n. 24.0 91 32. 4.5 ·).70 o. 6 5 O.OJC251 1. S•J 133. 10.0 0.6\JO O.H5 8264. o. 1000. a. 
OR:LL W/0 EH. n. 30.0 1oag~. 4.5 '.J. 7a o. 6 :i 0.0•10251 1. 80 13 3. 10.0 0.60a 0. 38 5 9 30 i. 'J. 1oco. I). 
::RILL 11./0 EH. 93. 32.0 12 4 4 5. 4.5 ).70 0. 6 5 O.C~C251 1 • 30 13 3. 1C.O 0.600 o. ~8 5 1a915. o. 1 ooo. o. 
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the tractor PTO horsepower. Secondly, an estimate of the usable horse-
power conversion factor is required. Usable horsepower refers to the 
amount of power that is available to pull an implement under certain 
conditions. The most notable condition tLat influences this conversim.1 
factor is soil density. For example, if a soil is very "loose", such 
as after plowing, a great deal of power is lost due to wheel slippage. 
The third variable that affects implement ranking is soil resistance. 
Soil resistance is measured by pounds of draft per foot of implement. 
Implement draft is largely influenced by soil type, tillage depth, and 
soil moi.sture. The fourth :i.mportant variable is the field speed of 
the implement. These variables can be formulated into a mathematical 
equation to solve for the maximum implement width as follows: 
WIDTH PTO x HCF x 375 ·-----
MPH x DRAFT 
where: 
WIDTH maximum implement width in feet, 
PTO power take-off horsepower, 
HCF horsepower conversion factor (%/100), 
MPH = field speed in miles per hour, 
DRAFT pounds per foot of implement, 
375 =units conversion constant (MPH pounds/HP). 
This equation was used to estimate the'maximum implement width 
for each tractor size iu Table 5. Field speed, draft per foot of imple-
me.nt, and the usable horsepower conversion factor were estimated by 
agricultural engineers (Bow2rs, 1970). The field speeds were set at a 
/ 
level which may appear to be rather fast. However, Bowers (1970) and 
other extension agricultural engineers advise that field operations 
Table 5. Maximum Implement Widths by Tractor Sizes 
Draft/ft. H.P. 
Field Field of Conversion 
Speed Efficiency Implement Factor 
Field Operations (MPH) rn ____ (%/100l_~ __ (Lbs.) ____ (%/ 100)_ 70 
Moldboard Plew 5.0 0.75 800 0.55 3.6 
Chisel Plow . 4.5 0.75 500 0.55 6.4 
Off-Set Disk 5.5 0.75 400 0.64 7.6 
Sweep Applying Spray and NH3 5.5 0.55 275 0.64 11.1 
Sweep Applying Spray 5.5 0.65 275 0.64 11. l' 
Sweep Applying NH3 5.5 0.65 275 0.64 11.1 
Sweep 5.5 o. ·75 275 0.64 . 11.1 
NH3 Knife Applicator 5.5 0.67 150 0.55 17.5 
Field Cultivator 5.5 0.75 250 0.55 10.5 
Stubble Drill 4.5 0.65 225 0.65 16.9 
Conventional Drill 4.5 0.70 150 0.55 21.4 
J.!:.!stor Siz~.s (H. P...J.. 
Maximum ImElel!!_ent Width ~ft.l 
81 91 111 131 155 180 
4.2 I;. 7 5.7 6.8 s.o 9.3 
7.4 8.3 10.2 12.0 14. 3 16.5 
8.8 9.9 12.1 14.3 17.0 19.6 
I 
12.9 14.4 17.6 20.8 24.8 28.6 
12.9 14.4 17.6 20.8 24.8 28.6 
12.9 14.4 17.6 20.8 24.8 28.6 
12.9 14.4 17.6 20.8 24.8 28.6 
20.3 22.8 27.8 32.8 39.0 45.0 
12.2 13.7 16.7 19.7 23.4 27.0 
19.5 21.9 26.7 31.5 37.6 43.3 

















should be performed with smaller implement widths at faster speeds. 
T..'1is reduces wear on the tractor drive train and allows operators the 
flexibility of gearing down to pull through exceptionally 11hard" 
areas. Field efficiency factors were also estimated for each opera-
tion by Bowers (1981). These effic:iency factors are used to determine 
the acres per hour each implement can cover. They do not affect the 
machinery ranking. 
Once these maximum widths are found, the machinery items can be 
ranked. Each tractor is matched with the largest implement width 
available, subject to the maximums listed in Table 5. Thus, tractors 
can oniy pull implement widths which are commercially available. This 
sometimes leads to poor tractor-implement matching. If a tractor has 
more horsepower than required by a certain implement width, the total 
cost of the field operation will be greater than for a properly 
matched tractor-implement combination. Therefore, i.t is important to 
match tractor sizes with implements widths as close as possible to the 
maximum widths. 
The matching of tractor sizes to available implement widths is 
shown in Table 6. The maxi.mum available width for each type of imple-
ment is shown under the eight different tractor size columns. Each 
tractor can pull any implement width in its column and to the left of 
it. For example, the 229 horsepower tractor cannot only pull the imple-
ment widths in :its column, but any smaller width to the left. This 
distinction allows a larger tractor to pull a smaller ranked machine. 
1bis is sometimes feasible if a complement requires a large tractor and 
it is less costly to use an oversized tractor than purchase a smaller 
tractor for the one operation. 
Table 6. Commercially kv-ailable Haximum Implement Widths by Tractor Sizes 
Tractor Sizes {H.~ 
Draft/ft. H.P •. Available Implement Width (Ft.) 
Field Fidd of Conversion 
Speed Efficiency Implement Factor 
~ld Operations - _J_MPH) (%/100) (Lbs.) (%/100) 70 -· 81 91 111 131 156 130 
Moldboard.Plow s.o 0.75 800 D.55 3.5 4.0 4.7 5.3 6.7 8.0 9. () 
' 
Chisel Plow . 4.5 0.75 500 0.55 8.0 10.0 12.0 14.0 16.0 
Off~Set Disk 5.5 0.75 400 0.64 7.8 7.8 7.8 12.5 13.5 16.8 20.3 
SYeep Applying Spray and NH3 5.5 0.55 275 0.64 15.0 15.0 20.0 25.0 30.0 
Sweep Applying Spray 5.5 0.65 275 0.64 15.0 15.0 20.0 25.0 30.0 
Sweep Applying NH3 5.5 0.65 275 0.64 15.0 15.0 20.0 25.0 30.0 
Sweep 5.5 0.75 275 0.64 15.0 15.0 20.0 25.0 30.0 
NH3 Knife Applicator 5.5 0.67 150 0.55 15.0 15.0 22.0 28.0 28.0 28.0 28.0 
Field Cultivator 5.5 0.75 250 0.55 9.5 12.5 13.5 16 .5 19 .5 23.5 27.5 
Stubble Drill 4.5 0.65 225 0.65 13.2 13.2 13.2 26.4 26.4 26.4 39.6 
















Fie}-d Work Days Availab,;!.e. One problem which complicates machinery 
selection is the uncertainty of weather conditions. Weather plays an 
important role in determining the size and therefore the cost of a 
machinery complement. In general, as preci.pitat:i.on increases, the num·· 
ber of field days in a gj_ven ti.me period decreases. Field days refer 
to days when the soil moisture content is satisfactory to perform field 
operations. 
Not only is the total number of field days in one year important, 
but also the distribution of those days through the y~ar, The distri-
bution of field days is important because most field operations must 
occur in some critical period. If the operations are performed outside 
this period, yield penalties are usually suffered. These losses may ' 
result from fewer growing days or perhaps from poor timing of operating 
input application. Therefore, the number of field days available in 
critical periods of the year are 1nost important. The most constrained 
period, :Ln terms of field work days, greatly influences the required 
size of a machinery complement. 
One way to approach the problem of uncertain weather conditions is 
to build a model which considers the historical pattern of rainfall. 
Reinschmiedt (1971) developed a methodology to estimate a distribution 
of available field work days. The procedure uses historical rainfall 
simulator to simulate dai:ly rainfall amounts fur a large number of 
years. 'I.'he second ingredient Reinschmiedt used in the model was a time-
less tableau. This tableau was formulated to estimate how differing 
rainfall amounts altered field conditions. The tableau summarized infor-
mation about the relationship between varying rainfall amounts and field 
ti.me lost. Re:i.nschrniedt then developed a computer algorithm which 
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merged the daily rainfall and time-loss tableaus, By evaluating these 
data, the program estimated cumulative percentage distributions of avail-
able field clays in 24 half-month periods. 
Fifty years of da~i..ly rainfall date1 wi;re collected by Bonnett (1973) 
from the Enid weather reporting station_. The data were composed of 
daily rainfall amounts since January 1, 1925. These data were then used 
in the rainfall simulator to project rainfall amounts for the next 100 
years. Based on th:fo simulation, the probable field work days for four 
probability levels were estimated. In Table 7, these probable field 
work days are shown for 19 half-month periods from January 1 to Octo-
ber 16. 
"(!imeliness levels refer to the probabilities of the available field 
work days in each half-month per:i.od. For example in Table 7, during 
the second half of June there are a maximum of 15 days and 13.25 avail-
able field work days at a 50 percent timeliness level. This means that 
if a farmer has a machinery complement that requires 13.25 field days 
in the second half of June, in only five out of 10 years on the average 
will sufficient field days be available to complete the field work. 
Likewise, if the farmer wants to complete his field work nine out of 
10 years, he should plan for 9.5 available field work days in the 
second half of Jm1L~. As the timeliness level is increased, fewer field 
work days are avaiL'ible and a larger machinery complement is required 
to perform the field operations. 
Given the ava:i.lalHe field work days, an operator must decide how 
wany hours per day he i.s willing to work. Available field work hours 
determines more precisely the amount of time available in each period. 
This value :i.s arrived at by multiplying the field days available by the 
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Table 7. Enid Area Available Field Work Days 
Timel·iness Leve·] 
'--·~···-~---~---·-·-----------Maximum 
January ·1 •• 16 16 15.25 1--1. 25 13<00 10. 75 
January 17-31 15 15.00 13.25 12,50 8.75 
February 1-1ll 'l 1l 13*25 12.75 11 • 00 8.?S 
February "15--?<3 ·q_ 13.25 12.25 1L75 i 0. 00 
March 1-16 'l 6 14.75 B.00 11 .25 7.50 
~brch 17-31 Ei 14.00 l1. 75 9.50 7.50 
i~pr·i 1 1-·15 ·15 13.00 10. 75 8. 75 7.75 
Apri 1 15-30 Vi 1 Z'.. 75 rn.oo 8.75 5.75 
May 1-~ 'l 6 16 13.00 10 ... 25 _s·: 25 fr. 00 
May 17~3'1 •• 1-. '.) 12. 00 8.50 6 • .25 3.50 
June 1-Ei 15 ·; 2. 50 9.75 7.50- 4, 75 
,June ·16-30 1 !:) l3.-2:5 10. 50 ( 9.5.0 7.50 
July ~i -16 16 14. 25 -~ ·i • 7 .5 10.~)0 8 .. 25 
~)Li"! y i 7-·3'! 15 B.75 ·i 2. 25 l 0. 75 7.50 
t\ugust 1-'] 6 "16 14.75 ·12. 25 11.00 8.25 
Jl.uq-_;st 17-31 Ei 13. 75 n. ·15 l C.00 6.75 
Sept.ernbQr 1-15 ir· .J 13.50 10.bO 8. 75 ~). 50 
September 16-·30 15 13.(;:s 9.25 6.75 4.00 
Q.~:;o tbE-2Y' l ·- '! 6 H3 14.00 ~ ') ''f: It_ .. l'.:.J 1 1 'V1 • I t \~I \.< 8.00 
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hours per day an operator is willing to work. By increasing the field 
hours per day, an operator can increase the available field work hours 
and use smaller· equipment. 
For the r•1rpose of this study, the tfr1eliness level was set at 
80 percent with 10 hour work days. This menns that a farmer can com-
plete the field operations eight out of 10 years on the average. by 
working 10 hour days. The timeliness level chosen was somewhat lower 
than one might expect. However, only 10 hour field work days were 
used. This allows some flexibility for longer work days when inclement 
weather reduces the number of field work days. 
Enterprise Budget Formulation 
The third step in the general model (Figure 4) is to formulate 
enterprise budgets for the wheat production systems. These enterprise 
budgets sunnnarize all the annual operating expenses and machinery 
costs. The total annual operating costs are found in the budgets by 
merely sununing the input costs. In a similar manner, total machinery 
costs can be calculated for ea.ch field operation given the trac.tor-
implement combination. These costs are then summed over all the field 
operat-ions to ftnd tot.al machinery costs. The quantities, prices, and 
timing of the operating inputs for the systems can be found in Appen-
dix A. Likewise, th<~ tractor-implement matchings and machine annual 
hours can be found for each system in Appendix A. 
Since the formulation of enterprise budgets entails many repetitive 
calculations, a computerized budgeting routine can greatly spe.ed up the 
budgeting process. One such computerized budget generator was developr~d 
at Oklahoma State University and is called the Enterprise Budget 
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Generat.or. This program was used in the study to quickly and efficient-
ly generate enterprise budgets for the wheat prcduction systems. The 
Enterprise Budget Generator (EBG) consists of a main program and numer-
ous subroutines which are called to input data, perform calculation, and 
output information. The output information consists of detailed or 
summarized reports of enterprise expenses and receipts. By programming 
the EBG in numerous subprograms, the model has considerable flexibility. 
The major advantage of this flexibility is that it allows the user to 
select which output to print. 
Two powerful features of the EBG are capability of calculating 
total machinery costs and annual operating capital charges. The EEG 
uses standard procedures for estimating machinery costs (Bowers, 1970). 
These procedures are quite straight forward and can be computed on a 
handheld calculatoL The advantage of using the EBG to estimate total 
machinery costs is its speed, accuracy, and consistency. Although the 
machinery costs equations are straight forward, a large volume of cal-
culations are quickly and accurately made in the EGB program. 
Annual operating capital charges also have similar characteristics 
which make computerized computation advantageous. Annual operating 
capital.refers to the "annualized" amount of short term capital required 
to finance expenses during the production cycle. Since equity capital 
has an opportunity coro t, an interest charge is incurred regardless of 
the capital's source. The quantity of operating capital depends upon 
the size of the expenses, and the length of time from when the expense 
is incurred until it is paid. This time factor makes the computation 
of operating capital charges rather tedious work with a hand-held calcu-
lator. 
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Normally the EBG assumes an annual operating capital month where 
all the expenses are paid. This month is usually the harvest month, 
which in the case of Oklahoma wheat is June. In June, the EBG assumes 
all expenses are paid with revenue from cro~ sales. This creates a 
budgeting problem with expenses ar1d operating capital charges for 
Surflan plus MCPA applications before June and any tillage operation per-
formed in June. With the annual operating month assumption, the EBG 
charges these expenses against the harvested crop instead of accumulat-
ing the charges against the following years crop. Therefore, charges 
are not correctly expensed against the correct crop. 
Normally this problem has only a trivial impact on annual operating 
capital charges. However, when comparing conventional wheat production 
systems, which are tillage intensi:ve in June, against reduce tillage 
system, the EBG does not accurately reflect differences in annual operat-
ing capital. This discrepancy was large enough to justify modification 
of the EBG. The budgets in this study were generated with a modified 
EBG. The modification allows the flexibility of carrying expenses 
longer than 12 months. The modification is especially important in the 
Surflan system where a relatively large expense required financing for 
14 months. Without the modification, the EBG would finance this 
expenditure only two months. 
Another advantage of the EBG, is that once a budget is built and 
stored it can be quickly retrieved and modified. This was an important 
reason for using the EBG in this study. Many times it was difficult to 
estimate at the onset of a study how many budgets will be required. 
Thus, the EBG offers a way to quickly, accurately, and consistently 
generate enterprise budgets. For more detailed information regarding 
the EBG program, see Kletke (1979), 
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Total Cost Sensitivity 
The final processing step in the general model (Figure 4) estimates 
changes in. the systems' total costs when wage rates, interest rates, 
and fuel prices change. Th:i.s processing step is useful to extrapolate 
the results of the EBG to "what if" future situations. While it is 
possible to use the EBG for this purpose, a total cost sensitivity 
model is a more straight forward approach. The model also is helpful 
to more clearly visualize the interaction of fuel prices and the 
quantity of annual operating capital. 
The steps used to derive the sensitivity model are shown in equa-
tions one through 10. The sensitivity model uses the results of the 
enterprise budgets to show how total costs change as fuel prices, wage 
rates, and interest rate change. Therefore, the sensitivity model 
begins with the total cost values found with the enterprise budgets. 
Given these total costs, equation (1) expresses total costs (TC) as a 
function of the prices of labor (PL), capital (Pc)' and fuel (PF). 
Thus, in equation (1), only three price parameters are allowed to 
vary. The remaining factors which contribute to TC are fixed and 
grouped into a constant (K). Equation (2) further expands the cost 
function into a more explicit form where Q1 is the quantity of labor, 
QC is the quantity of capital, QFL is the quantity of fuel and lubri-
cation. In this form, it is evident that only the prices and quantities 
of fuel, labor, and capital are important to the sensitivity model. 
The remaining factors which contributed to total costs are held con-
sta.nt in the model. Since the EBG assumes lubrication costs are 15 




Of these three quantities, the quantity of capital must be further 
defined in equation (3). The total quantity of capital is composed of 
capital invested in machinery (QMC) and annual operating capital (QAOC) . 
The annual operating capital is further coTr\plicated because it is in 
itself a function of the fuel price. In equation (Li), annual operating 
capital (QAOC) is shown as a function of the price of fuel (PF) and the 
quantity of annual operating fuel and lube (QAOF). The annual operating 
fuel and lube (QAOF) is defined as the average annual investment in fuel 
and lubrication material. In equation (5), F. is gallons of fuel use 
l 







L 1.15 Fi (MAO - Mi) 
i=l 
The se.cond step in deriving the sensitivity model is to find the 
total derivative of equation (1). Since there are three variables in 
equation (1), the total derivative contains three partial derivatives 
(equation 6). After taking the partial derivatives from equation (2), 
equation (6) c&n be rewritten as equation (7). At this point, the 
derivative of annual operating capital with respect to fuel prices is 
required (equation 8). Substituting for dP the actual price changes, 
where P'L• P'c• and P'F are new prices, equation (9) is formulated. 
60 
Thus, a new total cost (TC') iu equati.on (10) is the sum of the old 
total cost value plu.s any changes in total cost (dTC) due to changes 






(10) TC' TC - dTC 
In the study, equations (9) and (10) are used to show the sensiti-
vity of the total cost of each system to changes in wage rates, interest 
rates, and fuel prices. Since the systems use differen~ quantities of 
labor, fuel and capital, without such a model it is difficult to judge 
the impact of changes in these parameters. For the purpose of this 
study, three levels of each parameter were chosen. The systems total 
costs were then recalculated under 27 different states of nature with 
the sensitivity model. The results of this processing step are shown 
in tables in Chapter III. 
CHAPTER III 
MODEL RESULTS AND ANALYSIS 
Introduction 
In this chapter the results from the application of the general 
model to the case study situation are presented and analyzed. The 
results are grouped according to l:he three output -steps in the general 
model's flowchart (Figure 4). Tables are presented for each output 
step to sunnnarize results and facilitate analysis. These output steps 
are from the major topics of the chapter and are discussed in the 
following order. First, the optimal machinery complements are pre-
sented for each of the wheat production systems. Enterprise budgets, 
which use the optimal machinery complements, are then presented and 
analyzed. Finally the results from the sensitivity processing step 
are presented to extrapolate the budgets to a "what if" situation in 
the future. 
Machinery Complement Selection 
The machinery complements selected by OMCSS are optimal machinery 
cmnplements in the sense that each machinery complement provides the 
required annual flow of tillage services at the least possible total 
cost. These least cost complements are important to the study because 
the machinery r.equirements arz compared at a· long run equilibrium. 
These optimal complements (Table 8) sh;mld be representative of the 
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Table 8. (Continued) 
Systems 
-----·--.-.... 
9 10 11 12 13 14 15 16 
Machines 1+4 l+.5 1+7 l+S 2+lf 2+5 2+7 2+8 
Sprayer a !+7 .o l17 .o 47.0 4/.0 47.0 47 .o 47.0 47.0 
Off-Set Disk 12.5 12.5 12.5 12.5 16.8 16.8 13.5 12.5 
Moldboard Plow (1) 3.5 3.5 4.0 4.0 
Moldboard Plow (2) 5.3 5.3 5.3 5.3 
Moldboard Plow (3) 
Chisel Plow (l) 16.0 16.0 12.0 16.0 
Chisel Plow (2) 
Dry :Fert. Spreader 60.0 60.0 60.0 60,0 60.0 60.0 60.0 60.0 
Liquid Fert. Spreader 40.0 40.0 40.0 40.0 
Knife NH3 Applicator 28.0 28.0 28.0 28.0 15.0 15.0 15.0 28.0 
Sweep (1) J.5.0 15.0 15.0 15.0 
Sweep (2) 
Field Cultivator (1) 9.5 9.5 12.5 12.5 12.5 12.5 12.5 16.5 
Field Cultivator (2) 9.5 9.5 
Conventional Drill 
• Stubble Drill (1) 13.2 13.2 13.2 13.2 39.6 39 .6 13.2 39.6 
Stubble Drill (2) 26 .I+ 26.4 26.4 26.4 26.4 
Tractor (l)b 70 70 70 70 81 81 70 111 
Tractor (2) 70 70 81 81 180 180 81 180 
Tractor (3) 111 111 111 111 131 
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Table 8. (Continued) 
Systems 
17 18 19 20 21 22 
Machines 3+4 3+5 6+4 6+5 1+3 1+2 
Sprayer a 1+7 .o 47.0 47.0 47.0 47.0 47.0 
Off-Set Disk 12.5 20.3 
Moldboard Plow (1) 3.5 6.7 
Moldboa.rd Plow (2) 3.5 
Moldboard Plow (3) 
Chisel Plow (1) 16.0 
Chisel Plow (2) 
Dry Fert. Spreader 60.0 60.0 
Liquid Fert. Spreader 
Knife NH3 Applicator 28.0 28.0 
Sweep (1) 15.0 15.0 20.0 25.0 15.0 
Sweep (2) 
Field Cultivator (1) 9.5 27.5 
Field Cultivator (2) 9.5 
Conventional Drill 40.0 
Stubble Drill (1) 13.2 13.2 13.2 39.6 13.2 
Stubble Drill (2) 26.4 26.4 26.4 26.4 
Tractor (l)b 70 70 70 180 70 131 
Tractor (2) 111 111 131 70 180 
Tractor (3) 111 
a Implement widths in feet 
b Tractor sizes in horsepower 
complements found on well managed farms dedicated to any of the wheat 
production systems and similar in nature to the case study farm. 
Machinery Complements .for Systems 1-8 
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The power and machinery requirements vary widely among the first 
eight wheat production systems. For comparison purposes, power require-
ments can be expressed in annual horsepower hours (AHPH), which are 
equivalent to the sum of each tractor's horsepower multiplied by its 
hours of annual use. The annual hours for each tractor in the various 
systems can be found in Appendix A. The power requirements vary from 
approximately 179 thousand AHPH for System 2 to 31 thousand AHPH for 
System 8. As most would expect, the power requirements for the reduced 
tillage systems are considerably less than for the conventional tillage 
systems. The machinery complements for Systems 1 through 8 are illus-
trated in Table 8. 
The machinery complement for System 1 includes an 81, 91, and 180 
horsepower tractor. The 180 horsepower tractor provides the power to 
pull the 20.3 foot offset disk, or a six-18 inch bottom plow, or a 
40 foot conventional drill. The 91 horsepower tractor is used to pull 
a four-14 inch bottom plow, ;::i 22 foot anhydrous annnonia applicator, and 
a 13.5 foot field cultivator. The 81 horsepower tractor is used to 
power a sprayer, three-16 inch bottom plow, dry fertilizer spreader, and 
12. 5 foot field cultivator. The tractors log Lf69, 489, and 445 hours 
annually, respectively, and the system uses approximately 165 thousand 
AHPH. 
The machinery complement for System 2 is powered by two tractors. 
The large 180 horsepower tractor is ur~ed to pull a 16 foot chisel and 
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a 27 foot field cultivator. During these two operations the tractor 
logs 542 hours. The remaining operations in System 2 are powered by a 
131 horsepower tractor, which logs 62lf hours annually. These operations 
include the use of a sprayer, a 13.5 foot Jffset disk, a 12 foot chisel, 
a 28 foot anhydrous annnonia applicator, and a 40 foot conventional 
drill. 
The machinery items in System 3 are powered by a 180 horsepower 
tractor. This tractor logs 416 annual hours and supplies approximately 
75 thousand AHPH. This power is consumed by spraying, sweeping, and 
drilling operations. 
Systems 4 and 5 use the same machinery items in their optimal 
machinery complements. The complements differ only in the numbers of 
annual hours for the sprayer and the tractor pulling the sprayer. This 
difference arises because the Bladex plus Paraquat spray operation in 
System 4 is replaced in System 5 by an aerial application of Surflan. 
The complements are powered by 71 and 111 horsepower tractors. The 
smaller tractor is used to pull the sprayer and 13.2 foot stubble drill. 
The 111 horsepower tractor is the power unit for a 15 foot sweep and a 
26.4 foot stubble drill. System 4 requires approximately 53 thousand 
AHPH and System 5 requires 43 thousand AHPH. 
System 6 has tillage requirements similar to System 3. Both 
systems apply Bladex plus Paraquat and anhydrous ammonia with a sweep, 
but in System 6 all the materials are applied in one operation after 
harvest. Due to reduced field efficiency, System 6 requires an addi-
tional tractor and sweep to c.ornplete the operation in the allowed time. 
System 6 uses 91 and 180 horsepower tractors, which supply approximately 
60 thousand AHPH. The 91 horsepower tractor is used to pull the sprayer 
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and 15 foot sweep. The 180 horsepower tractor supplies power to the 25 
foot sweep and 39.6 foot stubble drill. The tractors log 2.37 and 213 
annual hours, respectively. 
Systems 7 and 8 have identical optima! machinery complements. In 
these zero tillage systems, a 70 horsepower tractor is used to pull a 
sprayer and liquid nitrogen applicator. The wheat is seeded using a 
39.6 foot stubble drill pulled by a 180 horsepower tractor. The systems 
differ slightly in annual hours because of the substitution of a spray 
ope.ration in System 7 for an aerial spray application in System 8. As 
a result of the annual hour differences, System 7 requires approximately 
41 thousand AHPH compared to 31 thousand AHPH for System 8. 
Machinery Complements for Combination Systems 
The combination systems can easily be divided into two sets. The 
first set contains Systems 9 through 16, inclusive. These systems were 
designed by mixing two conventional systems with those reduced tillage 
systems which were not tillage intensive through June. The second set 
of systems include Systems 17 through 22. These systems consist of 
potential combinations of reduced tillage systems and two systems which 
incorporate System 1. 
In the. first set, the eight systems use five different machinery 
complements. Systems 9 and 10, 11 and 12, and 13 and lLf use the same 
machinery items in their complements with differences arising qnly in 
machinery annual hou:cs. The reason for the similarit:ies in complements 
is because the Bladex systems and the Surflan systems have nearly iden-
tical machinery requirements. In both the one tillage systems (4 and 5) 
and the zero tillage systems (7 and 8), a Bladex application is replaced 
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by an aerial Surflan application. Thus, the only machinery requirement 
difference between System L1 and System 5 is one spray operation, and 
likewise for Sys terns 7 and 8. 
Since the spr2yer can be pulled by anjT tractor and occurs in a 
period with unused field hours, the machinery complements usually do 
not change as a result of adding or deleting a spray operation. 
An exception to this general observation is System 15 and 16. 
These two systems mix the conventional chisel system, System 2, with 
the zero tillage Systems 7 and 8. In the case of Systems 15 and 16, 
the deletion of a spray operation is the only machinery requirement 
difference~ However, this difference greatly affects the machinery 
complements selected. By eliminating one spray operation in System 16; 
it becomes more attractive to use a larger tractor, anhydrous ammonia 
applicator, field cultivator, and stubble drill. Thus, System 16 uses 
fewer and larger machinery items than System 15. 
It is also interesting to note the changes in machinery complements 
between the one tillage systems and the zero tillage systems used in 
combination with System 1. If you compare System 9 with System 11, the 
machinery complements appear very similar (Table 8). Both systems use 
the same three sizes of tractors. When changing from System 9 to System 
11, the sweep is no longer required and not included in the q)mplement 
of System 11. Since a sweep is not required, the machinery complement. 
for System 11 contains larger plows and a larger field cultivator. The 
remaining machinery sizes are unaffected by moving from a two tillage 
system to a one tillage system in combination with System 1. The com-
bination complements seem t;o be dominated by either System 1 or System 2. 
Thus Systems 9 through 12 and Systems 13 through 16 complements are 
very similar even though different reduced tillage systems are used. 
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The first set of combination systems also has a noticeable increase 
in the number of machines per complement compared to Systems 1 through 
8 (Table 8). This increase is due to the increased types of tillage 
operations for these combinations. A farm using a combination system 
must stock all the types of tillage implement required for both a con-
ventional and reduced tillage systems. Although these combinations 
use more machine items per complement, the size of the machines are 
generally smaller. The economic viability of the combinations then 
becomes sensitive to the trade-off in costs between machinery size 
and machine number. 
The second set of combinations includes Systems 17 through 22. 
The first four of these combinations, or Systems 17 through 20, use a 
mixture of two reduced tillage systems. These systems have smaller 
machinery complements which include a sprayer, sweep, liquid fertili-
zer applicator, stubble drill, and tractor. Systems 17 and 18 use a 
one tillage and two tillage system. Systems 19 and 20 use two one 
tillage systems. Since Systems 3 and 6 are tillage intensive in June, 
Systems 5 and 6 were used to reduce the work load in June. Systems 21 
and 22 were two other possible combinations using System 1. 
Several patterns can be observed from the results of the machinery 
selection in Table 8. First note that no four wheel drive tractors, 
with 229 horsepower, are included in any machinery complement. 
The absence of four wheel drive tractors indicate the tractors are a 
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more expensive source of power than two wheel drive tractors for the 
case farm. Several factors work together in the model to make the four 
wheel drive tractor a more expensive alternative. With a purchase price 
of $72,000, the four wheel drive tractors "Ost about $22,000 more than 
a 180 horsepower tractor. Since an 81 horsepower tractor costs only 
$21,000, the additional 48 horsepower gained by moving up to a four wheel 
drive tractor is usually more costly than selecting another small tractor. 
The four wheel drive tractors also suffer considerable penalties for 
the equipment they are matched to. As equipment widths increase, their 
average cost per foot usually i.ncreases. These increased costs are due 
to additional wheels, folding mechanisms, and additional structural sup-
ports. 
It should be noted that four wheel drive tractors are partially 
discriminated against in the study due to relatively cheap operator 
labor. In the machinery selection procedure, it is assumed that any 
quantity of tractor operator labor is available at $4 per hovr. Kletke 
and Griffin (1977) found that as wage rates increase, farmers may sub-
stitute capital for labor. This substitution results in larger imple-
ments with fewer but larger tractors. Therefore, four wheel drive 
tractors may be feasible at higher wage rates. 
The machinery selection results also point out which time periods 
are the most critical. The critical time periods refer to the time 
periods during the production cycle when. the machinery selection prob-
lem is most constrained with respect to field work hours. These criti-
cal time periods determine to a large extent the machinery sizes in a 
given complement. In the conventional systems the second half of June 
is the most critical period, while the last half of September is the 
wost critical period for the reduced tillage .systems. 
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Regardless of the number of drills, in the second half of Septem-
ber all the systems require a total of 40 feet of <lrill to accomplish 
the s.;:;ed:i.ng operation. This requirement can be met by using one large 
40 foot drill or perhaps two smaller drills having a total width of 
more than 40 feet. Ir. the conventional systems, the drill requirement 
is met by using one large drill pulled by at least a 111 horsepower 
tractor. However, the stubble drills have a power requirement con-
siderably larger than the conventional drills. As a result, the 
reduced tillage systems use either a 39.6 foot stubble drill pulled 
by a 180 horsepower tractor, or two smaller drills pulled by 70 horse-
power and 111 horsepower tractors. Thus, in the reduced tillage systems 
the drill operation largely determines the tractor sizes in the comple-
ments. In the conventional systems, the early tillage operations 
determine tractor sizes more than the drill operation. The conven-
tional drill is less constrained mainly because the power requirements 
per foot of a conventional drill are smaller than a stubble drill. In 
the model, a 111 horsepower tractor is capable of pulling a 40 foot 
conventional drill whereas a 40 foot stubble drill requires a 180 horse-
power tractor. 
It is also easy to observe from Table 8 that the complements for 
Systems 9 through 16 contain a large number of machines. These combina-
tions incorporate a conventional system with a reduced tillage system. 
The additional machines re.quired in these combinations are a result of 
the number 0£ different operations required. Very few of the machines 
can substitute for each other when conventional and reduced tillage 
systems are combined. As a result, the complements contain a large 
number of specialized machines. This fact tends to offset the 
72 
advantages the combinations offer. Thus, the combinations are an 
effective means of reducing time constraints in June, but require more 
diverse complements containing a larger number of specialized machines. 
Annual Hours 
OMCSS supplies additional infonnation regarding each machinery 
complement in terms of annual hours. Due to accounting rows, OMCSS not 
only selects the machines for an optimal complement, but also accounts 
for the hours each machine is used annually. These annual hour esti-
mates are important for accurate fixed cost allocation in the Budget 
Generator. 
Fixed costs estimated by the Budget Generator (BG) include depre-
ciation insurance, taxes, and machinery investment opportunity costs. 
Of these items, depreciation and interest account for the largest share of 
fixed cost. In the BG, depreciation calculations follow the straight 
line depreciation method. Usually fixed costs refer to costs on a firm 
level which do not vary with output. However, the BG calculations 
budgets on a per acre basis. Therefore, the BG must use some alloca-
tion method to allocate the total fixed costs of a machinery complement 
to a per acre basis. Thus, the calculations of fixed costs require 
estimates of annual hours and life of the machines, but allocation of 
fixed costs to a per acre basis is very dependent upon fann size. 
Non11all.y, fixed costs per acre can easily be averaged by calculat-
ing a machinery complement's total fixed costs and dividing by the num-
ber of acres per farm. However, the BG uses a more indirect method of 
allocating fixed costs, which makes machine annual hours important. In 
tht~ BG, farm size is indirectly implied by the number of hours a machine 
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is used annually. By specifying the number of times ea.ch machine covers 
an acre, the BG uses the width, speed, and field efficiency factors to 
calculate the number of hours per acre each machine is used. If annual 
hours for each machine are divided -by the niachine hours per acre, the 
units cancel leaving total annual acres, or fann size. 
The unit cancellations in equations (11 through 14) more clearly 
demonstrate how the BG allocates total fixed costs on a per acre basis 
using annual hours and hours per acre values. In equation (11), total 
fixed costs (TFC) are expressed on a per hour (HR) basis by di.viding 
TFC by the machine annual hours. The total fixed cost per hour 
(TFC/HR) are converted to a per acre basis by multiplying by hours per 
acre (equation 12). Equation (13) shows more clearly how the hour 
uni ts cancel out and TFC/HR are converted to TFC/ ACRE. Not ice that when 
HRS/ACRE are divided by MACHINE ANNUAL HRS in equation (14), the recip-
rocal of annual acres i.s formed. Thus, multiplying TFC by hours per 
acre and then dividing by annual hours is equivalent to dividing TFC 
by acres per year. 
(11) TFC/HR = TFC/MACHINE Ai\!NUAL HRS 
(12) TFC/ACRE TFC/HR x HRS/ACRE 
(13) TFC/ ACRE 
1 HRS/ACRE (14) --- ---- = 
ANNUAL ACRES J:-'iACHINE ANNUAL HRS 
In this manner, the BG allocates fixed costs on a per acre basis. 
Thus, estimates of annual hours of use and machine life are very impor-
tant to fix farm size. By fixing farm size, the per acre budgets from 
the BG accurately reflect changes in fixed costs between the tillage 
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systems. Since fixed costs are an important issue when comparing con-
ventional with reduced tillage systems, the annual hour estimates 
supplied by OMCSS are important to the study. The machinery combinations 
and the annua:1 hours of each machine for th2 22 systems can be found in 
Appendix A. 
Enterprise Budgets 
In this section of the chapter the results from the Budget Genera-
tor are presented and summarized. Each budget reflects the costs of 
the operating inputs shown in Table 7 and the machinery selected by 
OMCSS. The timing of the operations and inputs, tractor-implement 
matching, and machinery annual hours can be found in Appendix A for 
each system. In addition to the summary of the costs for each system, 
the quantities of labor, fuel, and capital are presented. These 
resource quantities provide additional insights into the advantage and 
disadvantages of reduced tillage wheat . 
. Operating Input Costs 
Operating input costs include those costs which are commonly 
thought of as variable costs. The operating inputs in Table 9 contain 
one group of inputs fixed across the systems and three groups of inputs 
which interact to change total operating costs between systems. The 
first zroup of constant inputs include insecticide and application, 
seed, and custom combine and hauling activities. These inputs are 
c.ommon to all systems. 
The second group of inputs change very little between systems. 
They include fertilizers and fertilizer spreading equipment rental. In 
Table 9. Total Costs of Wheat Production Systems i.n Dollars Per Acre 
OPERATING INPUTS: 
P3rathion 







Fertilizer Spreader Rental 
Anhydrous Ammonia (NH3) 
Liquid Nitrogen (N) 





Annual Operating Capital 
Labor Charges 
Fuel, Lube, Repairs 
TOTAL OPERATING COSTS 
FIXED COSTS 
Machinery 
Interest at 17% 
Depr., Taxes, Insur. 
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22.52 20.08 17.92 15.13 15.12 22.24 16.50 16.50 
106.11 105.50 104.96 .106.62 106.42 113.79 119.64 119.16 
-....! . 
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Table 9. (Continued) 
Systems 
9 10 11 12 13 14 15 
1+4 1+5 1+7 1+8 2+4 2+5 2+7 
OPERATING INPUTS: 
Parathion 0.86 0.86 0.86 0.86 0.86 0.86 0.86 
Aerial Spray Charge 3.00 4.50 3.00 4.50 3.00 4.5C 3.00 
2-4-D 1.60 0.96 1.60 0.96 1.60 0.96 1.60 
Sur flan 6.50 •6050 6.50 
MCP/\. 0.78 0.78 0.78 
Bladex 4. 71 4.71 4. 71 4. 71 
Paraquat 2 .93 5.86 2 .93 2.93 5.86 
18-46-0 Fertilizer 12.76 12.76 12.76 12.76 12.76 12.76 12. 76 
Fertilizer Spreader Rental 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
Anhydrous Ammonia (NH3) 15.45 15.45 7. 72 7. 72 15.45 15.45 7. 72 
Liquid Nitrogen (N) 10.13 10.13 10.13 
Liquid N Spreader Rental 0.45 0.45 0.45 
Seed 5.00 5.00 5.00 5.00 5.00 5.00 5.00 
Seed Treatment 0.25 0.25 0.25 0.25 0.25 0.25 0.25 
Custom Combine 16.00 16.00 16.00 16.00 16.00 16.00 16.00 
Custom Haul 4.48 4.48 4.48 4.48 4.48 4.48 4.48 
Annual Operating Capital 7 .61 7.85 8.30 8.35 7.79 8.00 8.40 
Labor Charges 4. 30 4.05 3. 98 3.34 3.l12 3.17 3.95 
Fuel, Lube, Repairs 10.12 ---2..:_~ ~§1_ _..1..:.22. 11.33 10.7.0 10.28 ---- ---
TOTAL OPERATING COSTS 89.12 89 .10 94.76 93.01 89 .63 89.46 ·95,50 
FIXED COSTS 
Machinery 
Interest at 17% . 11.34 11.33 11.13 10.20 11.46 11.45 11.31 
Depr., Taxes, Insur. 9.22 9.20 8.93 8.21 9.27 9.27 9.04 --- ---- --- ---
TOTAL FIXED COSTS 20.56 20.53 20.06 18.41 20.73 20. 72 20.35 
TOTAL COSTS 109.68 109 .63 114.82 111.42 110.36 110.18 115.85 
-.....) 
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Ta"5le 9. (Continued) 
Systems 
16 17 18 19 20 21 22 
2+8 3+4 3+5 . 6+4 6+5 1+3 1+2 
OPERATING INPUTS: 
Parathion 0.86 0.86 0.86 0.87 0.86 0.86 0.86 
Aerial Spray Charge 4.50 3.00 4,50 3.00 4.50 3.00 3.00 
2-4-D 0.96 1.91 1.27 1. 91 1.27 1.60 1.27 
Surflan · 6.50 6.50 6.50 
MCPA o. 78 0.78 0.78 
Bladex 9.43 4.71 9.43 4. 71 4.71 
Fc1<aquat 2.93 2.93 5.86 2.93 
18-46-0 Fertilizer 12.76 12.76 12.76 12.76 12.76 12.76 12.76 
Fertilizer Spreader Rental 0.05 0.05 0.11 
Anhydrous Ammonia (NH3) 7. 72 15.45 15.45 15.45 15.45 15.45 15.45 
Liquid Nitrogen (N) 10.13 
Liquid N Spreader Rental 0.45 
Seed 5.00 5.00 5.00 5.00 5.00 5.00 5.00 
Seed Treatment 0.25 0.50 a.so 0.50 0.50 0.25 
Custom Combine 16.00 16.00 16.00 16.00 16.00 16.00 16.00 
Custom Haul 4.48 4.48 4.48 4,48 4.48 4 .48 4.48 
Annual Operating Capital 8.61 8.01 8.13 8.35 8.62 7.30 6.94 
La,.>0r Charges 2.81 2.51 2.05 1.85 1.13 4.93 3.93 
Fuel, Lube, Repairs 9.75 7.67 6.31 5 .98 5.88 11.24 14.20 --- ---
TOTAL OPERATING COSTS 94.54 90.51 89.30 91.43 91.39 87 .63 84.00 
FIXED COSTS 
Machinery 
Interest at 17% 12.08 9.04 8.35 9.20 8.86 11. 74 11.67 
Depr., Taxes, Insur. 9.62 7.31 6.76 7.47 7.27 9.54 9 .16 ---
TOTAL FIXED COSTS 21.70 16 .35 15.11 16 .67 16 .13 21.28 20.83 
TOTAL COSTS 116.24 106 .86 104 .41 108 .10 107. 52 108.91 104.83 
"-J 
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all the systems, 88 pounds of 18.,.-46-0 fertilizer are applied. Small 
.differences in total operating cost arise from the different modes of 
18-46-0 application. Whenever possible, the fertilizer is applied 
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with a rental spreader at a cost of $0.11 per acre. With the reduced 
tillage systems, 18-Lf6-0 is applied through the stubble drill. Addi-
tional nitrogen in the form of anhydrous ammonia or liquid nitrogen is 
applied to each of the systems. If no tillage operations occur, such 
as in Systems 7 and 8, liquid nitrogen and a rented spreader are used. 
Since ltquid nitrogen is a more expensive source of nitrogen, the liquid 
nitrogen application costs $21. 22. per acre verses. $15. 45 for anhydrous 
annnonia. Thus, total operating cost for fertilizer varies slightly 
across systems unless liquid nitrogen is required. 
The remaining two groups of inputs cause major differences in total 
operating input costs between the systems. The third group of operat-
ing inputs include herbicide spray materials such as 2,4-D, Surflan 
MCPA, Bladex, and Paraquat. Herbicide costs range from $1. 27 per acre 
in Systems 1 and 2 to $23.04 per acre in System 7. As a result of 
additional herbicide costs, systems with fewer tillage operations have 
larger total operating costs. 
The increase in herbicide costs for the reduced tillage systems 
are partia.lly offset by the fourth set of operating inputs. The 
quantities of labor, fuel, lubrication, and repairs decrease as tillage 
operations decrease across systems. Although operating capital charges 
are usually higher for reduced tillage systems, the net effect of these 
inputs is to decrease operating costs as the systems become less tillage 
intensive. Therefore, changes in total operating costs across the sys-
tems arise from a trade-off between additional herbicides· costs and 
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reduced labor, fuel, lube, and repair costs. Normally, the additional 
. herbicide costs are greater than the operating input savings. This 
causes the reduced tillage systems to have a total operating cost 
greater than ~be conventional tillage systems. 
Looking at Table 9, the conventiorw.l Systems, 1 and 2, generate 
the smallest total operating cost of $84 .19 and $8!1. L12 per acre, respec-
tively. Zero tillage Systems, 7 and 8, generate the largest total 
operating costs of $103.14 and $102.66, respectively. The total 
operating costs of Systems 4, 5, and 6 are approximately equal at $91.45 
per acre. The total operating c~sts of the combinations usually fall 
between the operating cost range of their component systems. Several 
exceptions are Systems 18, 19, and 21 in which total operating costs 
of the combinations exceed the costs of either single system. System 22 
is also an additional conventional tillage combination in which 
Systems 1 and 2 are mixed. In this combination, total operating input 
costs actually decrease slightly. 
Total Fixed Costs 
Total fixed costs (TFC) computed by the Budget Generator include 
depreciation, taxes, insurance, and an opportunity cost on the average 
machinery investment. The average investment concept is defined as the 
purchase price plus the salvage value divided by two. The average 
investment for e.n entire complement is merely the sum of the average 
investment for all the machines in the cmnplement. 
In contrast to the total operating costs, one would expect the 
conventional systems to incur larger fixed costs than the reduced 
tillage systems. Such is nearly the case as illustrated in Table 9. 
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Of the first eight systems, System 1, 6, and 2 have the largest TFC. 
System 1 requires a machinery complement capable of plowing 1,240 acres 
once during the second half of June through the first half of July. 
Since the chisels in System 2 have smaller power require-ments than the 
plows of System 1, fewer tractors are required. This savings is reflect-
ed j_n lower fixed costs for System 2. But notice that System 2 has 
higher total operating costs because the chisels cover each acre twice 
compared to one time over for the plow. 
System 6 represents a unique machinery selection problem which 
results in higher fixed costs. Bladex and anhydrous ammonia are applied 
by a sweep in one operation during June. Due to the additional spray 
and fertilizer application, the sweep operation loses considerable 
field efficiency. Since .June is a critical time period, the additional 
loss of field efficiency translates into large equipment and higher 
fixed costs. 
Systems 4 and 5 yield the lowest fixed cost in the first eight 
systems, followed closely by Systems 7 and 8. At first glance one 
would expect the zero tillage Systems 7 and 8 to have a lower TFC than 
the one tillage Systems 4 and 5. However, since time constrains opera-
tions,. this is not the case. 
It is also interesting to look at the fixed costs of combinations 
using Systems 1 and 2, In the first set of combinations (Systems 9 
through 11), which incorporate System 1 with several reduced tillage 
systems 1 the l'FC of the combinations are less than the TFC for System 1. 
The selection of s:nalJ.er, more specialized equipment reduces TFC. Thus, 
the saving from using smaller equipment more than offsets the costs of 
ha1ri.ng a larger number of specialized machinery items in the complement. 
81 
The situation is reversed for the second set of combinations 
(Systems 13 through 16), which incorpo:rate System 2. In this case, the 
combinations have a higher total fixed cost than either component sys-
tems. Thus, the inc-eased costs due to additional machine types in thP. 
complement more than offset reduced machine size savings. 
Combination Syst2ms 17 through 21 incorporate two reduced tillage 
systems. Systems 19 and 20 greatly reduce the TFC from System 6. By 
relaxing the critical time constraint in June, the combinations using 
System 6 require fewer tractors. Thus, System 6 is the most viable in 
combinations. System 19 incorporates Systems 3 and 5, and yield the 
smallest TFC of all the systems. 
Total Costs 
Total costs, shown in Table 9, present a clear picture of the net 
effect in changing variable and fixed costs. As just shovm, the conven-
tional systems incur higher fixed costs with relatively lower operating 
costs. On the other hand, the zero tillage systems incur relatively 
lower fixed costs and higher opera.ting costs. The substitution of 
fixed and variable costs between the systems reflects the trade-off 
between machinery and herbicide costs. 
The paramount question raised by this trade~off is whether addi-
tional operating costs are greater than fixed cost savings in the 
reduced tillage systems. The total cost row in Table 9 sheds light on 
the answer to this question. The total costs of the two zero tillage 
systems are approximately $13.50 per acre more than the total costs of 
the conventional systems. 'i'he one tillage systems, Systems 4, 5, and 6, 
alsc accu:1mlate more total costs than either conventional system. 
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However, Systems 4 and 5 cost only about $1 per acre more than System 1. 
Systems 4 and 5 cost $106.62 per acre and $106.42 per acre, respectively, 
while Systems l and 2 cost $106.11 and $105.50 per acre. Due to added 
machinery fixed costs, the total cost for System 6, at $113.79 per acre> 
falls midway between the zero tillage systems and the other one tillage 
systems (Systems 4 and 5). Of the noncornbination systems, System·) 
offers the smallest total cost at $104.96 per acre, which is 54 cents 
per acre cheaper than the conventional chisel system. This two tillage 
system costs approximately $1 per acre less than System 1 and $1. 50 per 
acre less than the two tillage Systems 4 and 5. 
In surrunary, the total costs for the first eight systems range from 
$104.96 per acre to $119.64 per acre. When Systems 6, 7, and 8 are 
excluded, the range narrows considerably. Only $1.50 per acre, which 
is probably not statistically significant, separates the estimated 
total costs of the least and most expensive remaining systems. The 
conventional Systems 1 and 2, the one tillage System 3, and the two 
tillage Systems 4 and 5 generate nearly equal total costs. Since the 
total costs are comparable, Systems 3, 4, and 5 offer viable alternative 
means of producing wheat on a total cost basis. 
The total costs of the combination systems can be discussed in two 
groups. The first group includes Systems 9 through 16 and incorporates 
Systems l and 2 with reduced tillage systems. Their total costs are 
considerably higher and range from $109.63 per acre to $116.42 per 
acre. Thus, when conver1.tional and reduced tillage systems are combined, 
less machinery savings are realized. This fact makes these combinations 
less attractive than the first five systems on a total cost basis. 
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The second group of combinations includes Systems 17 through 22. 
Of these combinations, only Systems 17, 18, and 22 look promising. 
Systems 17 and 18 use two reduced tillage systems in combination. 
Since these systems incorporate systems with relatively low total 
costs, Systems 17 and 18 have relativeiy l.ow total costs. Savings are 
also realized in System 22 where Systems 1 and 2 are combined. By using 
both plows and chisels in one complement, fixed costs are reduced in 
System 22 from their levels in System 1. This leaves System 22 with a 
total cost per acre of $104.83. Of the 14 comhinations designed, only 
Systems 17, 18, and 22 appear to be competitive on a total cost basis. 
Resource Requirement~ of the Systems 
In addition to total costs, some systems may be particularly 
attractive to farmers with unique resource constraints. Labor, fuel, 
and capital resource requirements vary widely between the systems. If 
a farmer is particularly constrained in any of these areas, he may be 
more willing to accept a reduced tillage method of wheat production. 
Quantities of these three resources are estimated by the Budget Genera-
tor. These estimates have been summarized in the tables and discussion 
that follows. 
Labo~ _ _Requirements 
Labor requirements are estimated in the Budget Generator by multi-
plying tractor hours by a factor of 1.1. Labor requirements in the sys-
tems range from 1.25 hours per acre in System 1 to 0.25 hours per acre 
in System 8 (Table 10). Of the two conventional systems, System 2 
requires 0. 22 labor hours per acre less than System 1. In the reduced 
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Table 10. Resource Quantities Per Acre Required by System 
·--··------·· 
Total 
Machinery Herbicide Operating 
I,abor Fuel Investments Costs Capital 
Systems (hours) (Gallons) ($) ($) ($) 
1 1.25 6.388 74.58 1.27 40.31 
2 1.03 6 0"--• _, ..) I 66.31 1.27 41.84 
~ 
3 0.40 3.163 57.84 11.34 44.70 
4 0.52 2.068 49.17 17.19 48.49 
5 0.39 1.675 l19 .14 15.21 51.10 
6 0.40 2.317 72.51 17 .19 49 .96 
7 0.38 1.578 54.24 23.04 56.90 
8 0.25 1.185 54.23 21.06 59.32 
9 1.08 4.279 66.69 9.24 44.75 
10 1.01 4.082 66.44 8.24 46.12 
Il 1.00 3.993 60.03 12.17 48.84 
12 0.84 3.328 60.02 11.17 49.08 
13 0.86 4.911 67.39 9.24 45. 77 
14 0.79 4.684 67.36 8.24 47.04 
15 1.00 4.255 66.57 12.17 49.44 
16 0. 70 4.214 71.06 11.17 50.68 
17 0.63 2.667 53.17 14.27 47.19 
18 0.51 2.224 49 .11 13.26 47. 80 
19 0.46 2.091 51+ .11 17.20 49 .22 
20 0.28 2 .219 52.12 16 .19 50.78 
21 l.23 4. 772 69.02 6.31 L12. 92 
22 0.98 6.672 68.62 1.27 40.86 
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tillage systems, Systems 3 and 5 require approximately 0.40 labor hours 
per acre and System 4 requires 0.54 hours per acre. Although Systems 
1 and 5 have c01nparable total costs, the reduced tillage systems 
require only h"llf the labor demanded by th~ conventional systems. 
Fuel Requirem_ents 
The fuel requirements of the 22 systems are shown in Table 9. 
These fuel requirements were estimated with the Budget Generator by 
using a fuel multiplier. A fuel multiplier, in this framework, is 
defined as the quantity of fuel consumed during each horsepower hour. 
In this study a fuel multiplier of 0.048 gallons per horsepower hour 
was selected. This fuel multiplier reflects an average load condition 
of 55 percent (Bowers, 1970). The fuel estimates for the systems range 
from 6. 937 gallons per acre in System 2 to 1.185 gallons per acre in 
System 8. System 8 demands 5.75 gallons per acre less, or approximately 
one-sixth the fuel required in the conventional chisel system. Fuel 
consumption estimates for Systems 3, 4, and 5, which have total costs 
comparable to the conventional tillage systems are 3.163, 2.068, and 
1.675 gallons per acre of fuel, respectively. Although these reduced 
tillage. systems have comparable total costs, they demand only one-third 
to one-half the quantity of fuel required in the conventional systems. 
Total fuel per acre esU.mates are further broken down into fuel 
estimates for each type of fielcl operation (Table 11). Since many 
different tractor implement combinations are available for each field 
operation, the fuel estimates for each type of field operation contain 
some degree of variability. This variability in fuel estimates is 
largely a result of the inability of the Budget Generator to adequately 
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Table 11. Fuel Consumption Statistics by Field Operation 
Diesel Fuel Gallons/Acre 
Field Ranee __ kL.,.,.,. 
Operation Observations Mean High Low --·--· --~--
Moldboard Plow 13 2.351 2.419 2.264 
Chisel Plow 7 1.440 1.452 l. 409 
Off-set Disk 12 0.985 i. 13.5 0.938 
Sweep 14 1. 023 1.462 0.864 
NH3 Knife Applicator 12 0.520 0.638 0.469 
Field Cultivator 12 o. 711 o. 778 0.684 
Stubble Drill 30 o. 707 0.790 0.626 
Conventj_onal Drill 3 0.509 0.622 0.453 
Sprayer 22 0.253 0.506 0.197 
Dry Fertilizer Spreader 12 o. 175 0.266 0.142 
Liquid Fertilizer Spreader 6 0.234 0.338 0.213 
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reflect variable load conditions. In the Budget Generator, the fuel 
multiplier i;.,-as calculated at a 55 percent average load. If implement 
and tractor sizes are properly matched, the fuel consumption for any 
operation should be nearly constant for anv tractor implernE'nt combina-
tion. However, OMCSS does not always pair tractor and implements to 
maintain a constant load factor. If, for example, a 180 horsepower 
tractor is the only tractor required in a complement, it would be used 
to pull both a spraysr or a chisel. Using the fuel multiplier method of 
fuel consumption estimation~ both operations would require the same 
quantity of fuel per hour. Even though the sprayer and chisel load the 
tractor at different levels, the fuel estimates are. equal because the 
horsepower hours per acre are equal. For this reason, fuel statistics 
are given in Table 11 for each field operation. The number of observa-
tions refers to the number of times each operation is found i.n the 22 
systems. The mean and range establish how much variability occurs in 
each operation's fuel consumption estimate. Usually a large range in 
the fuel consumption estimates, infers that several different tractor 
sizes were used to pull one implement width. 
Capital Requirements 
Total capital requirements can easily be divided into short term 
and long term capital requirements. Short term capital refers to 
annual operating capital which is used to meet cash expenses during 
one production cycle. Long term capital refers to the capital which 
is invested into machinery items. These two types of capital also 
carry fixed and variable cost connotations. The charges accessed to 
annual operating capital are tn-::at:ed in the Budget Generator as 
variable costs. The charges for average machinery investments are 
treated as fixed costs. Since the conventional and reduced tillage 
systems have considerably different operat.ing and machinery input 
requirements, their short term and long ter~ capital requirements 
differ considerably. 
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Annual Operatil1:_~_gapital. In Table 10, the total annual operating 
capital (AOC) requirements for the systems are given. They range from 
$40.31 per acre in System 1 to $59.32 per acre in System 8. In the 
conventional systems, AOC is used to finance the purchases of fuel, 
fertilizer, seed, insecticides, 2~4-D and applicator rentals. In addi-
tion to these inputs, the reduced tillage systems also require AOC for 
purchases of Surflan plus MCPA, Bladex, and/or Paraquat. The costs of 
the herbicides used in each system are also given in Table 10. Except 
for fuel, the reduced tillage systems require the financing of nearly 
the same input costs as the conventional system plus additional herbi-
cide expenses. Therefore, the reduced tillage system require up to 
$20 per acre more AOC. 
Machinery Investments. These investments require long term capital 
to finance, the purchase of a machinery complement. In the Budget 
Generator, machinery investment charges are assessed on the basis of 
the 8verage investment required over the life of the machinery comple-
ment. The average machiney investments per acre for each complement 
are given in Table 10. The average machinery investments range from 
$74. 58 per acre in System 1 to $Li9 .11 per acre for System 18. Note 
that System 18 is composed.of practices used in Systems 3 and 5, and 
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all thr.ee systems use identical machinery complements. The complements 
differ only in the number of machine annual hours. 
Perhaps a better indication of long term capital requirements is 
illustrated i~ Table 12. This table shows ~he initial machinery invest-
ment required by each wheat production system. In this case the initial 
investment requirement is equal to the total purchase price of the 
entire complement. 
Since most fixed cost equations in the Budget Generator depend 
heavily on purchase price values, Table 12 illustrates why fixed costs 
differences arise between the Systems. The initial capital requirements 
range from $143, 501+ for System 1 to $96, 454 for Sys.terns 4, 5, and 18. 
Notice that System 1 requires an initial investment which is $15,500 
more than System 2 and is closely rivaled by System 6 at $141,536. The 
complements for the combination systems which incorporate the practices 
of System 1 or 2, tend to require initial investments between that 
required by Systems 1 an~ 2. Thus, the combinations offer little if 
any savings in initial machinery investment. 
Of particular importance in Table 12 is the impact of reduced 
tillage systems on initial investment requirements. In contrast to fuel 
and labor requirements, reduced tillage systems do not offer huge ini-
tial capital savings. In the case of fuel and labor, resource require-
ments decrease by one-half to two-thi.rds by using reduced tillage systems. 
However, initial capital requirements are reduced by one-third when 
changing from System 1 to System 4 or by one-fourth when changing from 
System 2 to System 4. Thus, while relatively large fuel and labor sav-
ings are generated by moving to reduced tillage systems, initial machin-
ery investments are reduced proportionately less by reducing tillage 
operations. 
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Table 12. Initial Machinery Investment Requirements by System 
-----
System Investment System Investment 
($) ($) 
-----
1 143,50!+ 12 127,659 
2 128,013 13 132, 360 
3 106,466 14 132,360 
4 96,454 15 129,028 
5 96,454 16 138,668 
6 141,536 17 98,155 
7 105,834 18 96,454 
8 105,834 19 106,295 
9 132,239 20 99,948 
10 132,239 21 133,327 
11 127,659 22 132,671 
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Sensitivity Analysis 
The sensitivity analysis is designed to show how changing wage 
rates, diesel fuel prices, and interest rates affect the total costs of 
each system. The results from the sensitivity analysis allow the system 
budgets to be extrapolated to many possible situations. Using three 
levels of each price parameter,' the total costs of each system are cal-
culated for 27 unique situations. 
By modeling many different situations, considerable flexibility is 
added to the results of the study. This flexibility allows the system 
. 
budgets to address general questions about how changing price levels 
might affect the future adoption of reduced tillage wheat production. 
If for example diesel fuel prices climb to $2.20 per gallon, the analy-
sis offers estimates on how many dollars per acre could be saved by 
using a reduced tillage system. The analysis also offers the flexibility 
of tailoring the system budgets to more specific farm situations. For 
example, a farmer may value his labor at more than $4.00 per hour. The 
sensitivity analysis results can then be used to show how the total 
costs of the systems change as the price of labor increases. Likewise, 
the effects of additional capital constraints upon system selection can 
be shown by increasing the interest rate. 
Results from the sensitivity model are shown in Tables 13, 14, and 
15. Wage rates are held constant in each table while fuel prices and 
interest rates are allowed to vary. In this manner, total cost per 
acre a.re listed in Table 13 with $4.00 per hour labor, Table 14 with 
$7.00 per hour labor, and Table 15 with $10.00 per hour labor, while 
fuel prices and interest rates vary in each table. The total costs are 
also sorted in each column with the first two digits identifying the 
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system number. These total cost values are grouped by system in 
Appendix B. In this manneJ:, one can easily identify how changing price 
parameters affect the total costs of one particular system. 
At this point, several cautions shoulrl be raised about the results 
of the sensitivity analysis. First, the machinery complements were 
selected using $4.00 per hour labor, 17 percent interest on capital, and 
$1.20 per gallon of diesel fuel. Major changes in these prices could, 
and probably do, change the optimal machinery complements for the systems. 
These changes are not reflected in the sensitivity results. However, 
one could speculate that the reduced tillage system complements would 
be more stable than the conventional system complements to changes in 
these prices since the reduce tillage systems use less fuel, labor, and 
capital. 
The second caution to keep in mind is that increased fuel prices 
and interest rates may affect herbicide and machinery prices. Certainly 
herbicide and machinery manufacturing and sales require energy and capi-
tal resources. Therefore, general price level increases may affect 
their costs. The costs of these items are fixed in the analysis. 
Despite its shortcomings, several important general trends can be 
gleaned from the sensitivity analysis tables. These trends involve the 
way wage rates, fuel prices, and interest rates affect the comparative 
costs of reduced versus conventional wheat production systems. In the 
followb.g discussion, emphasis will be given to the five least costly 
systems under various price conditions. Generally these sets contain 
some combination of Systems 1 through 5 and/or Systems 17, 18, 20, and 
22. Of particular interest is the way these sytems change in rank as 
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the price parameters are varied. Notice that Systems 1, 2 and 22 repre-
sent conventional systems, while the remaining systems are reduced 
tillage systems. 
The affects of changing interest rates can be viewed in either 
Tables 13, 14, or 15. Since labor charges are not included in the calcu--
lation of annual operating capital, the effects of changing wage rates 
and interest rates are independent from one another. Therefore, the 
effects of changing interest rates can be shovm by using just one wage 
rate, such as Table 13. 
In Table 13 the wage rate is set at $4.00 per hour, while diesel 
fuel prices vary from $1.20 to $2.20 per gallon. At each fuel price, 
interest rates are varied from 12 percent to 22 percent. Notice that 
at each fuel price level, changing the interest rate has very little 
impact on the ranking of the five least costly systems. Although total 
costs certainly increase, changing the interest rates seem to change 
the total costs of each system by approximately the same amount. In 
most cases, changing the interest rates from 12 percent to 22 percent 
increases total costs by approximately $10 per acre. Since the total 
costs all change by approximately the same amount, the ranking of the 
five least costly systems change very little. 
The effects of interest rate changes are evenly distributed across 
the systems mainly because the systems have similar total capital require-
ments. T11e conventional systems require more long term capital and the 
reduced tillage system requires more short term capital, but toal capi-
tal requirements are very comparable. Thus, changing interest rates 
ha:-; little impact on the selection of a wheat. production system. 
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General Effects of Changing Diesel Fuel Prices 
In contrast to interest rates, the relative rankings of systems 
by total costs are greatly affected by changing diesel fuel·prices. 
Again to fix the interactions of wage rates, Table 13 is selected to 
point out the general effects of changing diesel prices. In Table 13 
notice that with $1. 20 diesel and 12, percent interest. the three conven-
tional systems are included in the top five least costly systems. When 
fuel prices increase to $1. 70 per gallon with 12 percent interest, each 
of the three conventional tillage systems drop five places in the rank-
ing. This leaves System 2 and System 1 in the ninth and tenth places. 
This ranking is unchanged as fuel prices increase to $2.20 per gallon. 
As Systems "22, 2, and 1 drop out of the top five, Systems 18 and 3 
move to first and second place, respectively, with a fuel price of 
$1.70 per gallon. These systems are joined by Systems 5, 4, and 17 in 
third, fourth, and fifth place, respectively. This ranking remains the 
same when fuel prices increase to $2.20 per gallon, except Systems 3 and 
5 switch ranking. Thus, increasing fuel prices independent of other 
prices greatly impedes conventional tillage systems in competing with 
the reduced tillage systems on the basis of total costs. 
Ge.E_~~_l. Effects of Changing W~ge Rates 
The general effects of changi-q.g wage rates are very similar to the 
effects of changing fuel prices on the ranking. This similarity is 
largely due to the way the Budget Generator estimates fuel and labor 
requirements. Both resource quantities are estimated as a function of 
tractor hours. Therefore a·great deal of correlation exists between 
the.two quantities. 
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The general effects of changing wage rates can be showll by compar-
. ing Tables 13, llf, and 
., ~ 
l. :> • In each of these tables, different wage rates 
are used ranging from $4.00 per hour to $10.00 per hour. To isolate 
the effects of wage rates, the intr:re,;;t rate and fuel price can be 
fixed at 12 percent and $1. 20 per gallon. These combinations of inter-
est rate, fuel price and ·wage rate are shown in the first colunm of 
Tables 13, 14, and 15. 
Notice in Table 13 with $4.00 per hour labor, all three conven-
tional systems are included in the five least costly systems. When wage 
rates increase to $7.00 per hour, System 5 replaces System 1 in the top 
five systems. The remaining conventional systems exit the top five when 
wage rates increase to $10.00 per hour. Systems 1 and 2 are replaced 
in the top five by Systems 20 and 4. Thus, increasing wage rates from 
$4.00 per hour to $10.00 per hour yields the same top five systems as 
increasing the diesel fuel price to $2.20 per gallon. However, the 
order of the top five systems is somewhat different. At 12 percent 
interest, $1.20 per gallon diesel fuel, and $10.00 per hour labor, the 
five least costly systems are Systems 3, 18, 5, 20, and 4, respectively 
from first to fifth. The total costs of conventional systems are 
greatly impacted by changing wage rates relative to reduced tillage 
systems. 
CHAPTER IV 
Sill111ARY AND CONCLUSIONS 
Introduction 
In recent times a great deal of material has been published in 
the popular farm press about the merits of reduced tillage crop pro-· 
duction. Many claim this crop pr'oduction method will reduce total 
costs per acre and consequently be the way of the future. Conserva-
tionists also jump on the reduced tillage band wagon claiming it con-
serves soil, water, and fossil fuels. Yet with all the talk about 
redueed tillage crop production, little economic work has been 
conducted in the area. 
Certainly one can reason that herbicides reduce the need for 
tillage operations. But how does eliminating tillage operations affect 
a farm's machinery complement? Will farms realize enough savings in 
fixed and variable machinery costs to justify additional herbicide 
costs in reduced tillage crop production? These questions are addressed 
in the study as they relate to wheat production in Oklahoma. 
In gP.neral, the objective of this study was to investigate whether 
reduced till,qge wheat production systems are less costly than more con-
ventional methods of producting wheat in Oklahoma. To pursue this 
objective, 22 wheat production systems were defined. These systems 
were designed by agronomists and ranged from conventional clean tillage 
systems to zero tillage systems. In addition to these, 
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system& using various levels of herbicides and tillage operations were 
defined. Once the systems were defined, the required tillage opera-
tions and operating inputs were identified for each system. 
Althoug!1 the variable costs of the op C!rating inputs were easily 
found, the machinery costs of the systems were muc£1 more difficult to 
estimate. These cor~ts are illusive because a larger number of tractor-
implement combinations are capable of performing one tillage operation. 
In addition to t:r-actor-implement matching problems, machinery costs are 
also influenced by farm size, weather patterns, and soil types. Thus, 
to solve the machinery cost dilemma, an integer linear programming model 
was used to select a least cost machinery complement for each system on 
a given case farm. 'fhe case farm consisted of 1,240 acres and produced 
continuous winter wheat in Garfield County, Oklahoma. This farm was 
selected to fix any effects of farm size, weather patterns, and soil 
type on machinery costs. Using the programming model it was possible 
to compare the machinery costs of the systems in a long run equilibrium 
situation. 
With the operating inputs, tillage operations, and optimal machin-
ery complements identified, enterprise budgets were drawn up for each 
system. The.Budget Generator was a useful tool to rapidly and accurately 
calculate these budgets. From these budgets, inferences were made with 
respect to the trade-off between herbicide and machinery costs. The 
budgets also provide useful estimates of fuel, labor, and capital 
requirements of the systems. 
The final procedure in the study was to extrapolate the results of 
the system budgets to many.possible fuel price, interest rate, and wage 
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rate situations. From these projections, future insights may be gained 
as to the acceptability of reduced tillage wheat production. 
Results and Conclusions 
The results from the enterprise budget analysis indicate that 
several of the reduced tillage systems generate total costs comparable 
to the conventional tillage systems. Of the 22 systems evaluated, the 
total costs of the three conventional systems and five reduced tillage 
systems fell within arange of $2.03 per acre. The three conventional 
systems included System 1 (moldboard plow system), System 2 (chisel 
plow system), and System 22 (a comb1nation system using both moldboard 
and chisel plows). 1he reduced tillage systems included a two tillage 
system (System 3), a pair of one tillage systems (Systems 4 and 5), and 
a pair of systems (Systems 17 and 18) which used combinations of 
Systems 3, 4, and 5. 
The major reason these three conventional and five reduced tillage 
systems generate comparable total costs is because of the substitution 
of fixed and variable costs between the systems. The three conventional 
systems use relatively large and expensive machinery complements. The 
conventional tillage complements required initial machinery investments 
ranging from $128,013 to $143,504. In contrast, the five reduced till-
age systems required smaller machinery complements with initial invest-
ments ranging from $96,454 to $106,466. The complements generated 
total fixed costs per acre ranging from $20.08 to $22.52 in the three 
conventional systems, and $15.11 to $17.92 in the five reduced tillage 
systems. Thus, fixed cost savings of $2.16 to $7.41 per acre are real-
ized by using one of the reduced tillage systems. 
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These fixed c.ost savings are nearly equal to the additional. 
operating expenses incurred in the five reduced tillage systems. With 
the three conventional systems (Systems 1, 2,and 22), total operating 
cost range from $84.00 to $85.52 per acre. In contrast, the five 
reduced tillage systems accumulated considerably greater total operat-
ing costs ranging from $87 .04 to $91.Lf9 per acre. Thus, the three 
conventional syEterns offer operating cost savings of $1. 52 to $7. 49 per 
acre. As a result of the fixed cost savings in the reduced tillage 
systems and operating cost savings in the conventional systems, total 
costs vary only slightly between .the eight systems. 
The remaining ltf systems evaluated in the study generate total 
cost considerably larger than the eight systems just discussed. This 
occurs for several reasons. First, the 14 systems include many combina-
tion systems which incorporate Systems 1 and 2 with various reduced 
tillage systems. Since the combination systems demand many different 
types of field operations, large diverse machinery complements are 
required. These more diverse complements do not offer the machinery 
saving of reduced tillage systems. Therefore, the combination system 
accumulates relatively large total costs. 
Secondly, the 14 more costly systems include several zero tillage 
systems. These syE3 tems generated extremely large herbicide costs. 
Since the·stubble drill operation largely determines machinery com-
plement F;ize, the zero tillage systems realize machinery costs compar·-
able to the one and two tillage systems. Saddled with large total 
operating costs and la.eking any additional machinery savings, the zero 
tillage system generates total costs much larger than any of the five 
reduced tillage systems discussed earlier. 
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In addition to total cost information, estimates of fuel, labor, 
and capital requirements for the systems were made. Fuel requirements 
varied between the systems from 6.9 gallons of diesel per acre in 
System 2, to 0.25 gallons of diesel per acr2 in System 8. Perhaps of 
more interest are the three conventional systems (Systems 1, 2, and 22) 
and the five reduced tillar;e systems (Systems 3, 4, 5, 17, and 18) with 
comparable total costs. In these systems, fuel savings of 3.25 to 
5.25 gallons of diesel fuel per acre could be realized by moving from 
a conventional to a reduced tillage system. 
Labor requirements behave in a manner similar to fuel requirement. 
Labor requirements vary from 1.25 hours per acre in System l to 0.25 
hours per acre in System 8. In the eight systems, labor requirements 
could be reduced by 0.35 to 0.76 hours per acre by moving from a conven-
tional to a reduced tillage system. 
In contrast to fuel and labor requirements, total capital require-
ments vary little between systems. Total operating capital requirements 
are larger for the reduced tillage systems. However, the conventional 
tillage systems require larger long term capital investments into 
machinery. Therefore, the capital requirements are very similar, with 
only the capital structure differing between systems. 
'TI1ese differences in fuel, labor, and capital requirements were 
further developed in the sensitivity analysis. The results from this 
analysis indicate that interest rates should have little impact on the 
selection of a wheat production system. If interest rates increase from 
12 percent to 22 percent, the systems total costs increase approximately 
$10.00 per acre. Since the systems have comparable total capital require-
ments, the impact of in-::reasing interest rates is distributed rather 
evenly across the systems. 
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Fuel price and wage rate changes have a more dramatic affect on 
the systems' total costs. Since the conventional systems require more 
fuel and labor, the total costs of the three conventional systems are 
more sensitiv~ to fuel and labor prices, I:.1.creasing the diesel fuel 
price from $1.20 per gallon to $1.70 per gallon, forces the conventional 
systems to drop five places in the total cost ranking of the systems. 
Likewise, increasing wage rates from $4.00 per hour to $10.00 per hour 
causes the conventional systems to exit the group of five least costly 
systems. 
In conclusion, it appears that on a total cost basis several 
reduced tillage systems are very competitive with conventional tillage 
methods of producing wheat. If the price of fuel and labor increase, 
the reduced tillage systems should offer considerable savings in total 
costs. These reduced tillage systems may also be particularly attrac-
tive under existing price relationships if labor is severely constrained. 
Limitation of the Study 
As with any study, it should be pointed out that certain limita·-
tions exist. These limitations generally arise from two sources. The 
first source is the general model itself. In the model several limita-
tions are inherent to the optimal machinery selection procedure. The 
second major source of: limitations arise from the manner in which the 
results are interpreted. 
In the general model, OMCSS was used as an optimization procedure 
for selecting machinery complements. Although OMCSS finds the least 
cost complements, thes!;~ eomplements are optimal only with respect to 
the alternative machinery items in the list of 100 mac1dnes. This list 
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represents only a small sample of the machines actually available in 
the market today. In light of the various machinery brands, it is very 
difficult to accurately select and price a list of 100 machines which 
includes sev~ral brands. To simplify the ;.,achinery pricing problem, 
one full line machinery brand was priced. As a result, the list prices 
of the 100 machinery items do not reflect interbrand price differences. 
Therefore, a farmer who is willing to compare machinery prices between 
brands may compose a list of alternative machines including several 
machinery brands. This aggregate list may reflect a considerably 
different price structure than the list used in the study. 
OMCSS is also limited in finding a truely optimal machinery comple-
ment because of the way fixed costs are allocated, In OMCSS fixed costs 
for each machine are allocated by the number of machine annual hours 
and machine hours per acre. Because the machines annual hours are 
specified in the list of 100 machines, they remain constant during the 
optimization procedure. Since machine hours per acre are determined 
during the optimization procedure, one never knows exactly how many 
acres a machine's fixed costs are allocated over. Thus, fixed costs 
for the machinery items in one machinery complement may be calculated 
using a variety of farm sizes. This modeling error inhibits OMCSS from 
finding the complement which minimizes both total fixed and variable 
costs. 
A third limitation in the model deals with the accuracy of the 
mad1inery ranking used in OMCSS. Estimates of implement draft values 
are very important for proper machinery matching. Despite their impor-
tance, precise draft estl.mates were not available. As a result, draft 
values were selected for the study which fell in a range of values 
commonly expected by agric.ult:ural engineers. 
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The second major source of limitations deal with interpretation of 
the study's results. It is important to remember that while total cost 
is one decision criterion for selecting a wheat production system, many 
other decision criterion exist. For example, most farmers choose a 
system based on net returns. To estimate net returns, total costs and 
gross retunrn must be estimated. Gross returns are generated in a wheat 
production enterprise from two sources. The first and major source of 
income is the production and sale of grain. The second source of income 
is derived from the production of beef on wheat pasture. In the reduced 
tillage wheat production systems the planting date is delayed as long 
as possible in the Fall to aid in weed control. As a result, the 
reduced tillage systems are probably hindered in production of wheat 
pasture. Thus, yield differences between the systems arise from two 
sources. Since yield data. do not exist for these systems, nothing can 
be concluded about which systems generate the largest net returns. The 
systems might also be evaluated on the basis of soil conservation. 
Although this is an important criterion, this issue is not addressed 
in the study. 
Caution should also be exercised in generalizing the results of 
the study to farm situations which differ greatly from the case study 
farm. If economies of size exist it would be misleading to generalize 
the study's results to various fa.rm sizes. Also weather patterns and 
soil types were fixed in the case study farm. 
Finally, the study is limited in regards to machinery replacement 
strategies. OMCSS assumes a. new complement is purchased and used until 
it is worn out. In rnost cases, machinery items a.re added to or replaced 
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in a machinery complement rather than repli~cing an entire complement . 
. Thus, the model cannot determine when or how to switch machinery comple-
ments. 
Future Research Needs 
The results and limitations of this study point to several press-
ing research needs. First, yield data for the systems could shed 
additional light on the future of reduced tillage wheat production. 
This study shows that certain reduced tillage systems generate total 
costs comparable to conventional methods of wheat production. But . . 
nothing can be said about how the systems compare on a net return 
basis. If wheat yield data could be collected for the various systems, 
conclusions could be drawn. about net returns. 
The study also points to the need for more and better estimates 
of impl.::ment draft requirements. This is particularly true in the case 
of the stubbJe drill. Since this operation largely determines the size 
of the machi.nery complements in the reduced tillage systems accurate 
draft estimates are essential. Likewise, the operations in the criti-
cal period of June have a major impact on conventional tillage machinery 
complements. Accurate draft estimates of these operations would add 
more accuracy to machinery costs estimates. 
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OPERATING INPUTS AND TRACTOR-IMPLEMENT 
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Table 16. System 1 - Conventional Tillage. (Plow) 
2 3 4 5 6 7 ~ 9 10 11 1;;; 13 14 15 16 17 1S 
JAN FEB MAR APR r-i A.Y JU11 JUL AUG SEP OCT f.!OV DEC PR lCF. WEIGHT U~!T IT:M TYPE CONT 
t..INE CODE COOi: 
PR JO UC TION l'iUMSER OF UNI TS 
1 lo!HE AT c.o o.o o.o o.o 0~0 32. 00 c.o o.c c.o o.o o.o o.o 4.450 o.o 2. 76. 2. o. 
2 GRl.Z!NG o. 20 0.1 s a.a o.o c.o c.c o.o c.c c.o c.o c.10 0.30 o.o o.o 10. a 9. 2. o. 
OPERATING INPUTS RATE/UNIT PRICE NUMBER UN!T tT=M TYPE CONT 
UNITS CODE CCOE 
t1 WHEAO s::eo o.o o.o o.o c.o o.o c.o o.o c.o 1.00 c .. o o.o o.o 5.000 o.o 2. 17 6. 3. o. 
12 1 S-46-0 FERT o.o o.o o.o o.o o.o o.o o.o c.aa c.o o.o o.o o.o 14. 500 o.o 16. 217. 3. o. 
13 A\HYC~OUS ~~~JN c.o o.o a.o o.o c.o o.o o.o 103.00 o.o o.o o.o c.o 0.150 c;.c 12. 210. 3. o. 
14 ?A~AT.1l0N c.o 10.00 c.o o.o o.o o.o c.o c.c c.o o.o o.o c.o O.OC:6 o.o 17. 244. 3. o. 
15 CUS7C~ COKEIN= c.o o.o 0.0 o.o 0.0 1. Q'.) c.o c.c c.o c.o o.o o.o 16. c 00 o.o 7. 305. 3. o. 
16 CUSTC~ HAVLIN~ o.o o.o o.o o.o o.o 32.0J o.o o.o o.o o.o o.o o.o 0 .1 40 o.o 2. 30 6. 3. o. 
17 RENT FE;H Sl'x~ER o.o o.o o.o o.a G.O o.o c.o o.e.'3 o.a o."o o.o o.c 0.125 o.o 16. 361. 3. o. 1!1 2 ~~ -i} c.o a.a 0.7) o.o o.o c.o o.o o.c c.o o.o o.o 0.0 ·1. 7JO 0.0 n. 2s 1. 3. o. ,9 AERIAL 5pq1y ~PP c.o 1.00 o.o o.o o.o o.o o.o o.o c.o c.o o.o o.o 3.000 0,.0 7. 2.6 3. 3. o. 
K.ACr!;liERY '<EQt.rr. MENiS TIJ'l:S OVER xxxxx XXAXX rowE~ MACH TY?F. CO~T 
UNIT CCOE 
37 OFF-S:OT DISK c.o o.o o.o o.o o.o 1.00 o.o c.o c.o c.o o.o o.o o.o o.o 7. 5 '.). '" -1. 38 OFF-SET CISK c.o o.o c.o c.o O.G o.o :J .o 1.00 c.o o.o o.o o.o o.o o.c 7. so. "· o. 39 M.B. ?LOii 316 o.o c.o o.o o.o o.o c.o C.29 o.o o.o o.o o.o o.o o.o o.o 2. 31. 4. (). 
40 M.B. PLOW t18 o.o o.o o.o o.o o.o o.o 0.33 o.o c.o o.o o.o o.o o.o o.o 7. 3 6. 4. o. 
41 A~~yoqous A0PLI: o.o o.o o.o c.o o.o o.o 0 .o 1.co o.o c.o o.o o.o o.c o.o 3. 8 4. 4. o. 
42 CAr FERT. s•REAJ c.o o.o c.o o.o o.o c.o c .. o 1.00 o.o o.o o.o o.o o.o o.o 2. 9 s. 4. o. 
43 FIELO CULTlVA70~ c.o o.o o.o o.o c.o o.o o.o c.c C.43 c.o c.o c.o o.o o.o 2. 75. 4. o. 
44 CRILL W/0 FERT. o.o o.o c.o o.o o.o o.o c.o a.c 1.00 o.o o.o o.o o.o c.o 7. 9 4. i.. c. 
45 SPR AY::R c.o o.o , .0) o.o o.o c.o c.o c.c c.o o.o o.o o.o o.o o.o 2. 9 a. 4. (). 
46 M,3, PLOW 414 o.o o.o o.o o.o o.o o.o 0.38 o.o G.O o.o o.o o.o o.o 0.0 3. :12. .r.,.,, o. 
47 F!ELO CULTlVATOR c.o o.o o.o o.o o.o o.o o.o c.o 0.52 o.o o.o o.o o.o o.o 3. 76. 4. o. 
--------~5~~~;-----i-----~-------i-------z------i-----~-------i-------i------~-----i5------ii _____ ii------z~------ii ____ i;----ii ___ 
NJ'I!: Of' MACHINE CODE wrnrn INITIAi. SPEED fIELO RC1 R C2 RC3 riOURS YEARS RFV1 RFV2 PURCHASE FUEi. HOURS HP 
(FHT> l.IST (MPH) EFFIC- USED OWNED PRICE TYPE OF 
PRICE ~NCY ANNUALL\'. LIFE 
TRACTOR NC 81 2. 81. 0 23401. o.o 0.88 1.20 O.OOM:!1 1.6() 445. 10.0 0.680 0.920 21 D61. 3. 12C 00. 81. 
n•CTOR '11 3. 91.0 333~2. o.o 0.88 1.20 O.OOC631 1.60 48 9. 10.0 0.630 o.no 30 Ot.3. 3. 1:'.000. 91. 
nacTOR 1a:J 7. 180.0 54563. o.o o. 38 1.20 0.000631 1. 60 469. 10.0 0.630 o. 92J 49106. 3. 12000. 180. 
1!.'l. PLO!< 316 31 • 4.0 1876. 5.0 0.75 2.00 0.000251 1. 30 197. 1 o.o 0.600 0.885 1688, o. 2000. o. 
1'1.S. PLCll 414 32. 4.7 24 75. s.o 0.75 2.00 O.C00251 1. 30 223. 1o.0 0.600 o. sas 222 3. o. 2000. o. 
M.B. PLCw 618 36. 9.0 51 ?4. 5.0 0.75 2.0 0 O.COC251 1.30 1CO. 10.0 0.600 o. 88 5 467 s. o. 2G '.JO. o. 
OFF-SEi DISK 50. 20.3 12 Q 9 4. s.s 0.75 0.65 O.COC251 1.80 245. 1o.0 0. 6<)0 0.385 1Co85. o. 20 'JO. o. 
F!~LO CULTIVATOR 75. I 2. 5 20)0. 5.5 0.75 1.00 O.OOC251 1. 80 96. 1 o.o 0.600 0.885 1500. o. 2C JO. o. 
FI~LD CULTIVAiOR 76. 13.5 2170. 5.5 0.75 1.GO 0.000251 1.80 96. 10.0 0.600 o. 88 5 1953. o. 2C·JO. o. 
ANHYDROUS A?PLIE 84. 22 .o 4092. 5.5 0.67 1.00 0.000531 1.60 126. 10.0 0.600 o. 885 3683. o. , 0 00. o. 
DRILL W/0 FER!. ;t,. 40.0 143 72. 4.5 o.7o 0.65 0.000251 1.ao 81. 10.0 0.600 0.855 12?35. o. 1000. o. 
ORY FERT. SPREAC t5. 60.0 o. 5.5 0.65 0.15 0.000251 1. ao "8. 10.c 0.560 o.eas o. o. 1 ooc. o. 
SPRAYER 9!!. 47.0 383C. 5.5 0.60 c. 6 5 0.000251 1.so 66. 1c.o 0.600 0.885 :s 41, 7. a. HiOO. o. 
f-' 
_...,_,,.,_.4,e, __ .. _._.,, ··------· 4 ___ --~-'· - ····----•-'"-· >- -'·"··-~•·~···--'""''"""'·* ~•-LI>.,..._~.-.. •••• , •. ..,...,_ . ·- .- '"~'·"·'"'. ~--·-· .. ,... . .., ____ ·---- "'"' w 
Table 17. System 2 - Conventional Tillage (Chisel) 












11 12 13 14 15 16 H 13 
J1HI f'E8 li~R A PR HOV o"c PRICE WEIGHT UNIT ITEM T~PE CD~T 




o. Q 0. 0 0. 0 
c.20 o.1s o.o 
o.o 
o.o 
Nll~BER OF UNITS 
o.o 32.Q') 0.0 







c.o o.o 4.450 
0.10 0.30 o.c 
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2. 76. 2. 




11 WHEAT SEED 
12 B-46-0 FER! 
13 A'IHYORCUS t~PON 
14 PHIATrlION 
15 CUSTO~ CO~EINc 
16 CUSTO~ H:ULIN; 
17 RENT FE~l· ~?ROER 
13 z~4-o 











37 SPRAYER C.0 
38 CFF-SET DISK C.O 
3~ CHISEL PLO~ 0.0 
40 C~iSEl PLOft C.O 
41 A~HYO~OUS APPLIE C.0 
42 O~Y F"RT. SPREAO C.0 
43 FIELD CULTIVATOR 0.0 
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OFF-SET DI SK 
FI!:LO CULT IV ATOR 
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PR!CE ENCY ANN~ALLY l!FE 
41256. o.o o.ae 1.2s 0.000631 1.60 624. 10.0 o.6ao o.920 37130. 1. 12000. 131. 
54553. 0.0 0.58 1.20 Q.000631 1.60 542. 10.0 0.680 0.920 4910~. 3. 12000. 180. 
2609. 4.5 0.75 1.20 0.000251 1.80 89. 10.0 0.600 0.885 23•8. o. zooo. o. 
3194. 4.5 0.75 1.20 0.000251 1.80 312. 10.0 0.600 0.885 2874. o. 2000. o. 
8460. 5.5 0.75 0.65 0.000251 1.80 184. 10.0 0.600 0.385 ·7614. O. 2000. O. 
9208. s.5 o.75 1.00 o.ooc2s1 1.80 1eo. 10.0 0.600 o.sss s2s1. o. 2000. o. 
4747. 5.5 0.67 1.00 O.OOC631 1.60 99. 10.0 0.600 0.385 4272. O. 1000. O. 
14372. 4.5 0.70 0.65 O.OOC251 1.80 81. 10.0 0.600 0.385 12935. o. icoo. o. 
O. 5.5 0.65 C.75 0.000251 1.80 48. 10.0 0.560 0.885 O. O. 1000. O. 
38JO. 5.5 0.60 C.6S 0.000251 1.80 66. 10.0 0.600 0.335 3447. O.· 10DO. D. 
----------~;~ii-~ii~-i~~Gi~~i-iiii~-5~-iii5-i~iii7iiii·-----------------------------~~~~i~----~iE~i~iii~E~~;~i~i~i--ii-------------
aox TIMELINESS 10 HOUR OAYS 05/28/81 EQUI?HENT COMPLE~ENT 14 
CUSlO~ COHSINE C TRUCKING 12/17181 0100000000 PRICE VECTOR 2 




Table 18. System 3 - Two T:Ulage (Bladex + Sweep, Sweep) 
2 3 





o.o o.o o.o 
o.zo 0.15 o.o 
OP::RHrN; IN?l,TS 
11 llC!EAT SEED 
12 1S-46-G F::RT 
13 ANHYDROUS A~MON 
14 PARAT!-HON 
15 C~STO~ CC"9!~E 
16 CUSTC~ HAIJLIN:; 
11 ~-4-0 
18 S A OEX 
19 A R:AL $?RAY APP 












38 SPRAY:R 0.0 
39 SWE!P & SF C.0 
40 STUBBLE ORlLLW/F C.O 





















































NUM:lER OF UNITS 
o.o 32.00 o.o 





















































































11 't2 13 
NOV oec PRICE 
o.o o.o 4.450 













































14 15 16 17 18 
















2. 76. 2. 



































3. -1 • 
3. o. 
3. o. 
XXXXX POWER HACH TYPE CONT 
UNIT CODE 
o.o 7. 95. 4. o. 
o.c 7. 65. 4. c. 
o.o 1. 5g. 4. o. 
o.c 7. 65. 4. -1. 
____ , ______________________________________________________________________________________________________________________________ _ 
CCLU~i; 1 2 3 4 5 6 7 3 9 10 11 12 13 14 15 H 
HA~E OF ~ACHIKE CODE WIDTH INITIAL SPEED FIELD RC1 RC2 RC3 HOURS YE~~s RFV1 RFV2 PURCHASE FU~L HOURS Hr 
TR4CTOR 180 












PRICE ENCY ANNUALLY LIFE 
54563. o.o 0.88 1.20 O.OOC631 1.60 416. 1c.o C.630 0.920 49106. 3. 12000. 180. 
204~7. 5.5 a.55 C.65 O.OOC251 1.80 191. 10.0 Q.600 0.385 18393. O. 2C80. O. 
39467. 4.5 0.65 0.65 O.OOC251 1.80 89. 10.0 0.600 0.835 35520. O. 100G. O. 
3830. s.s o.60 o.65 o.ooa251 1.ao 99. 1c.o 0.600 o.eas 3447. o~ 1000. o. 
~----------------------------------------------------------------------------------------~------------------~----------------------HOU~S USED ANNUALLr 8A5f.O JN 1240 ACRES/YEAR . EPPLIN MACHINERY COMPLE~ENT 14 
80% TIMELINESS 10 HOUR DAYS EQdIP~ENT CO~PLEHENT 14 
CUSTOM COM5INE & TRUCKIN~ 02/09/82 PRICE VECTOR 2 
I-"' 
I-' 
\ .. Tl 
Table 19. System 4 - One Tillage (Bladex + Paraquat, Sweep) 














11 12 13 14 15 16 17 18 
J.~N FEB MAR NOV OEC PRICE ~EIGHT UNIT ITEM TYPE CONT 
COCE CO DE LINE 
F'ROOUCTION 
1 WHE "-T 
2 GRAZING 
c.o o.o 0;.0 
C.20 C.15 C.O 
o.o 
o.o 
tlUl'.3ER OF UNITS 
o.o 32.00 c.o 







o.o o.o 4.450 
0.10 0.30 o.o 
o.o 
o.o 
2. 76. 2. 




11 ll'iEH SEEO 
12 i S-4¢-0 F ERT 
13 ANHYDROUS ~H,CN 
14 FAR!. T~·iION 
1~ CUSTOM COM8INi 
16 CUSTOM HAULI~; 
17 ?-4-0 
1s euoex 
19 P ~R AQUAT 
20 AERIAL SPRAY APP 













35 S?RAYER 0.0 
39 s~r~P e F c.o 
4C STU33 E ORlLLW/F .C.O 
41 STUBS E ORILL~/F G.O 






































































































































































































12. 21 o. 
11. z41 •• 





1. u a. 
2. 262. 
































HA~E OF HACHihE CODE WIDTH INlTIAL SPEED FIELD RC1 RC2 RC3 HOURS YEARS RFV1 RFV2 PURCHAS~ FUEL HO~~S HP 
TRACTOR NC 70 
TRACTOR 111 
sw::EF ~ F 
STU5SLE DR!lUl/F 















P~ICE ENCY ANNUALLY LIFE 
19734. o.o a.as 1.20 0.000~31 1.60 26?. 10.0 o.6so 0.920 111e1. 3. iiooo. 10. 
37000. O.O 0.88 1.20 O.OOC631 1.60 312. 10.0 0.680 0.920 33300. 3. 12000. 111. 
7605. s.s o.65 c.65 o.0Jczs1 1.ao 191. 10.0 0.600 o.se5 6844. o. 2000. o. 
1zs45. 4.5 o.65 o.65 0.0002~1 1.so so; 10.c 0.600 o.ses 11s60. o. 1000. o. 
26158. 4.5 o.65 c.65 o.0002s1 1.so 93. 10.0 0.600 o.aes 23542. o. 1000. o. 
3B3C. 5.5 o.60 o.65 o.0002s1 1.80 164. 10.0 0.600 o.ess 3447. o. 1coo. o. 
~~--------;.OURS-USEO-ANNUALLY-SASEO-jN-i24o-ACREsiYEAR ______________________________ EPPLIN ____ HACHINERY-COMPLEMENT--;4----------··--
aox TIMELINESS 10 rlOUR O~YS EQUIPMENT COMPLEMENT 14 
CUSTOM COMBINE & TRUCKING 01/29/82 ~RICE VECTOR ·2 
i-' ,_... 
°' 
Table 20. System 5 - One Tillage (Surflan + MCPA, Sweep) 
LINE 




11 WHEAT SEED 
12 10-46-0 FERT 
13 ~NHYDROUS AMMON 
14 PAR AT<ilON 
15 CUSTO~ GOMe!NE 




20 A RIAL HERb. APP 
21 S EO TRcAT~ENT 
22 A RIAL IWSECT.AP 
2 :s 
JAN FES MAR 
c.o o.o o.o 





















































5 r, 7 6 
AUG MAY JUN JUL 
NUM3ER OF UNITS 
o.o 32.0() o.o 




























































11 12 13 
NOV DEC PRICE 
o.o c.o 4.450 






































14 15 16 17 18 


















2. 76. 2. 
10. 89. 2. 
o. 
o. 





































MACHINERY REQUIREMENTS TIMES OVER xxxxx XXXXX PO\.IER MACH HPE CONT 
CODE 
38 SPRAYER 0.0 
39 SWEEP & F C.0 
40 STU38LE ORlllW/F C.O 














































o.c 1. 9 3. ... o. 
o.c 4. 68... 4. D .. 
a.c 1. 86. 4. o. 
o.c "· 87. 4. o. 
--------E~~~~~-----i-----~-------~-------i------;-----i-------~-------i------i-----i3------ii-----i~------ii ______ ii----i;----ii __ _ 

























PRICE ENCY ANNUALLY LIF: 
19734. o.o 0.88 1.20 0.0006!1 1.60 124. 10.0 0.680 0.920 17761. 3. 12000. 70. 
37000. G.O 0.38 1.20 0.000~!1 1.60 312. 10.0 0.680 0.920 333CJ. 3. 12000. 111. 
7605. s.5 o.~s o.65 o.0002s1 1.8) 191. 10.0 0.600 o.885 6844. o. 2000. o. 
12845. 4.5 0.65 0.65 0.000251 1.80 80. 10.0 0.600 0.885 11560. O. 1COO. o. 
26158. 4.5 0.65 0.65 0.0002~1 1.80 93. 10.0 0.600 Q.885 23542. o. 1000. o. 
3830. 5.5 0.60 0.65 0.000251 1.80 33. 10.0 0.600 0.885 3447. O. 1000. O. 
----------ricuRS-USED-ANNUALLY-gASE0-5N~1246-ACRESiYEAR ______________________________ EPPLIN ____ MACHINERY-COMPLEMENT--14·------------
sox TIHELINtSS 10 HOUR DAYS, AERIAL SURFLAN & MCPA APPLICATION, EQUIPMENT COMPLEMENT · 14 




Table 21. System 6 - One Tillage (Bladex + NH3 + Sweep, Paraquat) 
--
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
JAN Ff6 HAR APR HAY JU~J JUL AUG SEP OCT NOV DEC PRICE WEIGHT UNIT !TcH TYPE CONT 
LINE CODE COOE 
PRODUCTION NUHSER OF UNITS 
1 WHEH c.o o.o o.o 0 .o o.o 32.00 o.o o.o o.o o.o o.o o.o 4.450 o.o 2. 76. z. o. 
2 GRHING c .• 20 0.15 o.o c.o o.o o.o c.o c.o c.o o.o 0 .10 0.30 o.o o.o 10. 69. 2. o. 
OPERATING INPUTS RATE/UNIT PRICE NUMBER UNIT ITEH TYPE CONT 
UNITS CODE CO!lE 
11 WHEAT SEED o.o o.o o.o o.o c.o o.o o.o c.o 1.00 c.o c.o o.o 5.000 o.c 2. 17 6. 3. o. 
12.1S-46-0 FEH o.o o.o c.o o.o o.o o.o o.o o.o C.88 a.a o.o o.o 14.500 o.o 16. 217. 3. o. 
13 A~~YDROUS AH~ON c.o c.a c.o c.o c.o 103.0iJ c.o o.o c.o o.o o.o o.o 0.150 o.o 12. 210. 3. -1. 
14 PARHrlION o.o 10.00 c.o o.o o.o o.o c.o c.o o.o c.o o.o o.o 0.086 a.a 17. 244. 3. o •. 
15 CUSTDN CDM8[~~ c~o c.o o.o o.o o.o 1.0J o.o o.c o~·o o.o o.o c.o 16.COO o.c 7. 30 5. 3. o. 
16 CUSTC~ HAUL!N~ c.o o.o o.o o.o o.o 32.0J c.o o.o n.b o.o o.o c.o 0.140 o.o 2o 306. :s. o. 
17 BLADEX c.o o.o o.o o.o o.o 2.50 o.o o.o c.o c.o o.o o.o 3. 770 o.o 1.2. 26.4. 3. -·1. 
18 PARAC'.JAT c.o o.o o.o o.o c.o o.o o.o o.o i.oo c.o o.o o.o 5.850 G.O n. 265. 3. o. 
19 2-4-D o.o o.a o. 75 c.o o.o o.o c.o C.38 o.o o.o o.o o.o 1.700 o.o 13. 251. 3. o. 
ZO AERIAL SPRAY APP o.o 1.00 o.o o.o o.o o.o o.o o.o o.o o.o c.o c.o 3.000 o.o 7. 26 3. 3. o. 
21 SEED TR~AT~ENf c.o o.o c.o c.o o.o o.o c.o c.o 1.00 c.o o.o o.o 0.500 o.c 2. 26 2. 3. a. 
MACHINERY ~EQ~IREMENTS TIMES OVER xxxxx XXXXX PO~ER MACH TYPE CONT 
lJNH CODE 
38 SPRAYER c.o o.o 1.0) o.o o.o o.b o.o 0.50 1.00 o.o o.o o.o o.o o.o 3. 9:1. 4. o. 
40 SWE!:P & SF o.o o.o o.o o.o o.o 0.22 a.a o.o c.o o.o o.o• o.o -0.0 o.o 3. 62. 4. -1. 
41 SWEEP & SF o.o o.o a.o o.o o.o 0.78 o.o o.o o.o o.o o.o o.o o.o o.o 7. 64. 4. -1. 
42 STUBBLE DRILLW/F o.o o.o o.o o.o c.o o.o o.o o.o 1.00 o.o o.o o.o o.o o.o 7. a a. '· o. 
--------cotuH~-----1-----2-------3-------4------5-----6-------7-------3-----~9-----15------11·----?2------13------;4----15----16---
NASE OF MACHINE CODE W!OTH I~tTIAl. S Pc ED FIELD RC1 RC2 RC3 HOURS YEARS RFV1 RFV2 PURCHASE FUEi... HOURS HP 
CFE ET) LI ST (MPH) EFFIC- USED OWNED PRrce TYPE OF 
PRICE ENCY ANNUALLY LIFE 
TRACTOR 91 3. 91.0 33392. o.o 0.88 1.20 0.000631 1.60 237. 10.0 0.680 0.920 30043. 3. 12000. 91. 
TRt.CTOR 180 7. 180.0 545 63. o.o o. 88 1.20 O.OOC6!1 1.60 213. 10.0 0.630 0.920 49106. 3. 12000. 180. 
SWEEP ~ SF 62. 15.0 9414. 5.5 0.55 0.65 0.0002.51 1.ao so. 1 o~.o 0.600 0.885 es4;. Oa 20')0. o. 
Sll:E? & SF 64. 25.0 165 28. 5.5 0.55 0.65 0.000251 1.eo 105. 1 o.o 0.600 o. 385 14575. o. 2000. o. 
STUSaL: ORILL~/F 88. 39.6 39467. 4.5 0.65 C.65 O.OOC251 1.80 as. 10.0 0.600 0.885 35520. o. 1000. o. 
SPRAYER 98. 47.0 383C. 5.5 0.60 0.65 o.coc2s1 1.80 , 65. 10.0 0.600 o. ses 3447. o. 1000. o. 
----------HOURS-L~EO-ANNUALLY-SASE0-5N-124o-ACRes=veAR----~-------------------------EPPLIN ____ HACHINeRY-CO~PLEHENT--;4-------------
80 X TIHELI NESS 10 ltOUR DA n EQUIPMENT COMPLEMENT 14 
CUSTOM COMBINE & TRUCKING 12114/81 PRICE VECTOR 2 
,_. ,_. 
00 
Table 22. System 7 - No Tillage (Bladex + Paraquat, Paraqu2t) 
-
z 3 4 5 6 7 B 9 10 11 12 13 14 15 6 17 1!I 
J~N FE!I MAR APR MAY JUN JUL AUG SEP OCT NOV O':C !'~ICE WEIGl1'l' UNIT lEll ifl'E CONT 
LI'IE CODE OIJE 
PRODUCTION NUM3ER OF UNITS 
1 WHEAT o.o o.o o.o o.o o.o 32.0i) o.o o.o o.o o.o o.o o.o 4.450 o.o 2. 76. 2. c. 
2 GRAZING (). 20 0.1 s o.o o.o () .o o.o o.o G.O o.o o.o 0.10 o.3o o.o o.o 10. 8 9. 2. o. 
OPERATING INPUTS RATE/UNIT PR ICE NUMS:R UNIT iT£M TYPE CONT 
UNITS CODE COOE 
'! t \i>itAT SEED o.o o.o o.o o.o o.o o.o o.c o.o 1.00 o.o o.o o.o 5.000 o.o 2. HS. 3~ o. 
1z·15-1,6-0 FERT o.o o.o o.o o.o a.a o.o o.o Ci.O o.as o.o o.o o.o 14.5')0 a.a 16. 217. 3. o. 
1) ~J!T~OGEN (N) o.o o.o c.o c.o o.o c.o o.o 3.01 o.o o.o o.o o.o 6.750 o.o 16. 211. 3., o. 
14 ?4R~THlON c.o 10.00 o.o o.o c.o c.o c.o o.o o.o o.o 0. (i c.o O.CB6 o.o 11 .. 244. 3. o. 
15 CUSTOM CO~EINE c.o o.o o.o o.o o.o 1.00 o.o c .o r, .o o.o o.o o.o 16.000 o .. o 7 .. 305 .. ,;;.,., c. 
1b CUSTOM SAULIN~ o.o o.o o.o c.o o.o 32 .. 0D c.o 0. () c.o c.o c.o c.o 0, ·j 40 o.c 2. 50 6. 3. o. 
i 7 BLAOEX ().0 o.o c.o o.o o.o 2.50 c.o c.o c.o c.o o.o c.o 3. 770 o.o 12. 264. T ~- -1a 
15 2-4-0 o.o o.o o. 75 o.o o.o o.o o.o o. 3 8 o.o o.o o.o o.o 1. 7 00 o.o 13. 251. 3. o. 
19 PAR A OU AT o.o o.o o.o o.o o.o 1.0:J o.o o.c o.o o.o o.o o.o 5.850 o.c 13. 265 .. 3. -1. 
20 L!O~IC FERl SPRO c.o c.c o.o o.o o.o o.o o.o 3 .<::1 c.o o.o o.o o.o 0.300 o.o 16. 362:. 3. o. 
21 AERIAL SPRAV APP o.o 1.00 c.o o.o o.o c.o o.o D ... O c.o o.o o.o o.o 3.000 o.o 7. 20'3 .... 3. o. 
22 5EE~ TREAT~=Nr o.o o.o o.o o.o o.o o.o o.o o.o 1.00 o.o o.o c.o 0.500 o.o 2. 262. 3. o. 
23 PAU:.lUAT c.o o.o o.o o.o o.o o.o c.o o.o 1.00 o.o o.o o.o 5.850 o.o 13. 265., y Jo o. 
~ACHINERY REQ~!RENENTS TIMES OVER xxxxx XXXXX PO~ER MACH TYPE CO~T . UNIT COOE 
38 SPR4YER o.o o.o 1.0) o.o o.o o.o c.o C.5 0 1.00 c.o c.c o.o o.o o.o 1. 9 8. 4. o. 
39 LOO FRT o.o o.o a.o o.o o.o o.o o.o 1.co o.o o.o o.o o.o o.o o.o 1. 96. 4. o. 
40 STU8oLE ORlLLW/F o.o o.o o.o o.o o.o o.o o.o o.o 1.00 c.o o.o o.o o.o o.o .., 8 ':! • 4. o. I • 
41 SPRAYER c.o o.o o.o o.o o.o 1.00 o.o o.o c.o c.o o.o o.o o.o o.o 1 • 9 5.: 4. -1. 
--------~5~~~;-----i-----~-------i-------i------;-----i-------~-------i·-----i-----i3------ii-----i~------i~------iz----i;----i~-~-
N1.~E 0 F MACli HIE CODE WIDTH INITIAL S PE EO FIELD RC1 RC2 RC3 HOURS YEARS RFV1 RFV2 PURCHASE fUFL H?:JRS H? 
(FEET> LI3T (MPH) EFFIC- USEO OWNED ?RIC!: 1' 'fl' E OF 
PRICE ENCY ANNUALLY !.. IF E 
TRACTOR NC 70 1 • 70.0 19734. o.o 0.88 1.20 0.000631 1. 60 333. 10 .o 0.680 a.no 17761. :;. 12C 0 0. 70. 
TRH:,iOR 180 7. 180.G 54563. o.o 0.88 1.20 C.COC~31 1.60 98. 10.0 0.630 o. 920 49106. 3. 12000. 180. 
STU53lE ORILL~/F 88. 39.6 39467. 4.5 0.55 C.65 0.000251 1.so 89. 10.0 0~600 0.885 35520. o. 1 coo. o. 
lQO FRT 96. 40.0 o. S.5 0.65 o. 75 O.OCC251 1.80 72. 1 o.o 0.560 o. 885 c. o. 1000. o. 
S?RA YER 98. 47 .o 3830. S.5 0.60 0.65 0.000251 1 • 8;) 231. 10.0 0.600 0.385 3447. o. 1000. o. 
------------------------------------~-------------------------~---------------------------------·----------------------------·------HOURS USED MHWALL Y Bl.SEO )N 1240 ACRES/YEAR EPPUN · MACHINERY COMPLEMENT 14 
BOX TI1'!EUN:ss 10 HOUR DAYS EQUIPM~NT COMPLEMENT 14 




Table 23. System 8 - No Tillage (Surflan + MCPA, Paraquat) 
z 3 4 5 6 7 8 9 1J 11 1Z 13 14 1 5 1 f 1? 1° 
..IAll FEB HAR APR MH JUN JUL AUG SEP OCT N 0\1 L:EC F c: I·:: ~t. ::·; ·n u·1: T :T =~ T1?: CONT 
Ll'lE coo;; CODE 
PRODUCTION NU~5ER OF UNITS 
1 llHEAT o.o o.o o.o c • ( c:.;• "?. C1 c.o o.o (;. 0 c.o o.o o.o 4.450 o.o 2. 7 6. 2. o. 
2 GRAZING 0.20 (. 1 ; 1:. (j c: • l r; .o c.o o.o o.c o.o c.o 0.10 0.30 o.o o.o 10. 8?. 2. o. 
Oi'Ei<ATING rnnrs RHE/UNZT PRICE Nu~e5R UNIT 11=~ TYPE CONT 
u~IITS COD:' CCDE 
11 I/HEH SE!':O o.o o.o o.o c.o r.o o.o o.o o.o 1.00 o.o o.o o.o S.OJO o.o 2. 176. >. o. 
12-13-~6-C Ff:RT c.o c. ll 0.0 o.c o ... o o.o o.o C.G C.83 c.o o.o c.o 14. 5 JO c.o • I. I '" • 217. 3. o. 
13 NLT:·oGE~ 't\) o.o c.o c.o (). 0 o.o o.o c.o 3.01 o.c o.o o.a a.o 6.750 o.a 16. 211. 3. o. 
1-% Y!.~AT~I'JN c.c 10.00 a.o c.o c.o o.o o.o o.o c.o o.o o.o G.O 0.0~6 c.c 17. 24 4. 3. o. 
~5 (:!).5 rcM CO·~t!f\i: c.u o.o o.o c.o o.o 1.0J c.o o.c c.o c.o c.o c.o H .CJO c.o 7. 305 .. 3. o. 
16 CJ3TO~ ~IULI~G c.o 0.0 c.o o.o c.o 32.0J c.o 0.0 o.o o,o o.o o.o 0 .1 i..Q o.c 2. 306. 3. o. 
1? Si.JK!!LAM c.o o.o o.o 1 • '2 5 o.o G.O c.o o.c 0 .. o c.o o.o o.o 10.4.)0 o.o 12. 26~. 3. -1. 
1 e 2-4-!) c.o o.o o.o o.o o.o O.J o.o C. 3 B c.o c.o c.o o.o 1.700 o.o 13. 251. 3. o. 
H ~.en c.o c.c o.o 0.75 o,o o.o o.o o.o c.o o.o a.o a.o 2.C90 o.c n. 267. 3. o. 
20 P~R~;;:uH o.o o.o o.o o.c o.o o.o o.o c.c 1.00 c.o c.o c.o 5.850 o.c 13. 265. 3. o. 
21 LIQUID FERl SPRD o.o o.o o.o o.o o.o o.o o.o 3.01 c.o c.o o.o o.o 0.300 o.c 16. 362. 3. o. 
22 A~q!~L HERE A?~ o.o o.o o.o , .oo o.o c.o c.o o.o c.o o.o o.o o.o 3.000 o.o 7. 263. 3. -i. 
23 SE~? TRElT~~~; c.o o.o o.o c.o o.o c.o c.o c.o 1. 00 o.o o.o o.o c. 500 o.o 2. 262. 3. o. 
2' A~RIAL INSECT AP c.o i.00 c.o c.o o.o c.o o.o o.o o.o c.o o.o a.a 3.COO o.o 7. 26?. 3. o. 
MACHIN2aY ~E~LIR2MENTS TIMES OVER . xxxxx XXXXX POWER ~ACH TYPE CONT 
UiirT CODE 
38 SPRAYER c.o o.o 0.0 o.o o.o c.o o.o c.~o 1.00 o.o o.o c.o a.c o.c 1. 9 3. 4. o. 
31' LQD FRT o.o o.o o.o o.o o.c c.o c.o 1.00 c.o c.o o.o o.o a.a o.o 1. 96. 4. o. 
40 STUBBLE ORlLLW/F o.o o.o o.o o.o o.o o.o o.o c.c 1.00 o.o o.o o.o o.o o.o 7. 8 3. 4. o. 
------------------------------------------------------------------------------------------------------------------------------------COLUMN 1 2 3 4 5 5 7 B 9 10 11 12 13 14 15 16 
NA~:: OF MAChil<: CODE iolIOTl1 IN I TI At. SPEED FIELD R:1 RC2 RC3 HOURS YEAP-S P.FV1 RFV2 PURCHASE FlJEL HOURS HP 
(FEET) LIST (MPH) EFFIC- USED OWN CO PRICE TYP.:: OF 
P'UCE ENCY ANNUALLY LIFE 
B~CTOR NC 70 1. 70.0 197 34. o.o 0.88 1. 20 O.OOC631 1.60 183. 10 •. 0 0.680 o. 920 17761. 3. 12000. 70. 
TRACTOR 180 7. 1 ao .o 545 63. o.o O.l38 1.20 a.000631 1.60 93. 10.0 o .. 630 o. 920 49'106. 3. 12000. 180. 
STUS3LE ORILL~/F 88. 39.6 39467. 4.5 0.65 C.65 0.000251 1. 80 89. 1C.O 0.600 0.885 35520. o. 1000. o. 
LQO FRT 96. 40.0 c. 5.5 0.65 0.75 0.000251 1. 80 72. 1 o.o 0.560 0.885 o. o. 1000. o. 
SPRAYER 98. 47 .o 38 3C. 5.5 0.60 0.65 0.000251 1.80 99. 10.0 0.600 0.835 3447. o. 1000. o. 
-----------------------------------------------------------------------------------------------------------------------------------HOUKS USED ANNUALLY 8ASEC JN 1240 ACRES/YEAR EPPLIN MACHINERY COMPLE~ENl 14 
SOX TIMELINESS 10 HOUR CAYS EQUIPMENT COMPLEMENT 14 




Table 24. ·System 9-- 50% System 1 - Conventional Tillage (Plow) 
50% System 4 - One Tillage (Bladex + Paraquat, Sweep) 
OPER4TIN~ INP~TS RATE/UNIT PRICE NUMBER UNIT ITEM TYPE CONT 
UNITS CODE CO OE 
11 WHEAT SEED o.o o.o o.·o o.o o.o o.o c.o c.o 1 .oo o.o c.o o.o 5.COO o.o z. 1H. 3. o. 
1Z 13-46-0 FEH c.o o.o o.o o.o o.o o.o o.o 0.44 C.44 c.o o.o o.o 14.500 o.o 16. 217. 3. o. 
13 ANHYC~OUS AM~OH c.o o.o o.o o.o o.o c.o O.O 103.CO c.o o.o o.o o.o 0.150 o.o 12. 21 o. 3. o. 
14 PARATHION c.o 10.00 c.o 0 .o c.o o.o o.o c.o c.o c.o c.o o.o 0.086 o.o 17. 244. 3. o. 
15 CUSTC~ COM&INE c.o o.o o.o o.c c.o 1.0:> c.o c.c; o.o o.o o.o 0.0 16.COO · c.o 7. 305. 3. o. 
16 CUSTO~ HAUL!~~ c.o o.o c.o o.o o.o 32.0il o.o o.c c.o c.o o.o o.o 0.140 o.o 2. 306. 3. o. 
17 R:NT FERT SPROER c.c o.o c .. o o.o o.o c.o o.o C.44 o.o o.o o.o o.o 0.125 o.o 16. 361. 3 •. o. 
18 2-4-0 c.o c.o O.e 75 o.o c.o c.o o.o 0.19 c.o o.o o.o ·C.O 1. 700 o.o 13. 251. 3. o. 
19 BLAOEX c.o o.o o.o o.o c.o 1.25 o.o c.o CoO c.o o.o o.o 3. 770 o.o 12. 264. 3. -1. 
lO PARACUH o.o o.o o.o o.o o.o c .5:J o.o o.o o.o o.o o.o o.o 5.850 o.o 13. 265. 3. -1. 
21 SEEil TR€/ITl'!!:NT o.o o.·o c.o o.o c.o o.o o.o o.o 0.50 o.o o.o o.o a.soc o.o 2. 262. 3. o. 
22 AERIAL SPR•Y APP o.o 1.00 o.o o.o c.o o.o o.o o.o c.o c.o o.o o.o 3.000. o.o 7. 26 ~. 3. o. 
MACHINERY REQUIREMENTS THIES OVER xxxxx XXXXX PO~E~ MACH TYPE CONT 
UNIT ccoe 
36 0 FF-SET 0 ISIC c.o o.o o.o o.o o.o C.5_, o.o o.o c.o o.o c.o o.o o.o o.o '· I, 7. 4. -1. 37 SPR ATER o.o o.o o.o o.o o.o o.sa o.o o.o c.o c.o o.o o.o o.o o.o 10. 9 3. 4. -1. 
38 SPl<'H!:R o.o o.o 1.0J o.o o.o o.o o.o o. 2 5 c.o c.o c.o c.o o.o o.o 10. 9 a. 4. o. 
:'l9 CFF-SET DISK o.o o.o o.o c.o o.o o.o o.o o.~ o c.o o.o o.o o.o o.c o.o 4. 4 7. 4. c. 
40 14.8. ?LOii 314 o.o o.o o.o o.o o.o c.o 0.26 o.o c.o o.o c.o o.o o.o o.c 1 • 30. 4. o. 
41 l'!.B. PLOW 416 o.o o.o o.o o.o o.o o.o ·0.24 C.Ci c.o o.o o.q c.o o.o o.o 4. :n. 4. o. 
42 DRY FERT. SPREAD Ii. 0 o.o o.c c.o o.o c.o (j. 0 C.50 c~o o.o o.o o.o o.o o.o 10. 95. 4. o. 
43 A~HYD~OUS APPLIS c.o o.o o.o o.o o.o c.o c.o a.so c.o c.o o.o o.o o.o o.o "· 85. 4. o. 44 si;E~P & F c.o o.o o.o c.o c.o c.o o.o a.so c.o o.o o.o o.o o.o o.c 4. 63. 4. o. 
45 F!ELO CULTlVATCR o.o o.o o.o o.o c.o o.o o.o o.o 0.38 o.o 0.0 o.o o.o o.c 1. 74. 4. o. 
46 FIELD CULTIVATOR o.o o.o o.o o.o o.o o.o o.o o.o c.12 c.o o.o c.o o.o o.c 10. 73. 4. o. 
47 STUB8LE D~lLLn/F c.o o.o o.o o.c o.o o.o o.o o.o o. 25 o.o o.o o.o o.o o.c 10. 86. 4. o. 
48 STUBBLE DRlLL~/F o.o o.o c.o o.o o.o c.o o.o c.c C.75 o.o o.o o.o o.o o.o 4. 37. "· o. 
--------coLuH~-----;--·--i-------3-------4------5-----6-------7-------~------9-----;5------;;-----;2------;3·-----;4----;5----;6---
NA~c OF MACHU:E coo c WIDTH INITIAL S PE EC FI~LO RC1 RC2 RC3 HOURS YEARS RFV1 RFV2 PURCH~SE FUEL HOURS HP 
CFEETl LIST (MPH). EFFIC- USED OW'NEO PRICE T'l'PZ OF 
PRICE ENCY ANNUALLY LIFE 
TRACTOR NC 70 1. 70.0 19734. o.o 0.88 1.20 0.000631 1.60 332. 10.0 0.630 0.920 17761. 3. 12000. 70. 
TRllCTO< 111 4. 111.0 37000. o.o 0.88 1.20 0.000631 1.60 623. 10.0 0.680 0.920 33300. 3. 12COO. 111. 
TRACTOR "IC 70 1C. 70.0 197 34. o.o 0.88 1. 20. 0.000631 1.60 253. 10.0 0.630 o. 920 17761. 3. 1 20 00. 70. "1.,. PLOW 314 30. 3.5 1845. s.o 0.75 2.00 O.CJ0251 1.30 2C2. 10.0 O.t>OO 0.885 .1660. o. 2000. o. 
Pl.a. PLCll 416 :n. 5.3 25 26. 5.0 0.75 2.00 o.0002s1 1.30 12 3. 10.0 0.600 0.385 2273. o. 2000. o. 
OFF-SET DISK 47. 12.s 7727. 5.5 0.75 C.65 O.COC251 1.80 198. 10.0 C.600 0.385 695 5. o. 2000. o. 
SWEEP ~ F 68. 15.0 7605. 5.5 0.65 0.65 0.000251 1.80 95. 10.0 0.600 0.885 6344. o. 2000. c. 
F!!'LO CULTIVATOR 73. 9.5 1591. 5.5 0.75 1.00 0.000251 1.80 31. 10.0 0.600 o.eas 1432. o. 2COO. o. 
Fl!:LD CULTIVATOR 74. 9.S 1511. 5.5 0.75 1.00 0.000251 1.80 1 oo. 10.0 0.600 0.885 1432. o. 2000. o. 
APiHY OR OU S AP PL IE 85. 28.0 4747. 5.5 0.67 1.00 0.000631 1.60 so. 10.0 0.600 0.885 4272. o. 1CCO. o. 
STUeilLE ORILLW/F 86. 13.Z 12845. 4.5 0.65 0.65 0.000251 1.80 65. 10.0 0.600 0.385 11560. o. 1000. o. 
STUB3LE ORILLW/F 87. 26.4 2615 8. 4.5 0.65 0.65 o.ooc2s1 1.80 , oo. 10.0 0.600 0.885 23542. o. 1000. o. 
ORT FE~T. SPREAD 95. 60.0 c. 5.5 0.65 C.75 0.000251 1. 80 24. 10.0 0-560 o. ae s c. o. 1000. o. 
SPRAYER 98. 47.0 3830. 5.5 0.60 0.65 0.000251 1.80 11 s. 10.0 0.600 o. 885 3447. o. 1000. o. I-' 
N 
I-' 
Table 25. System 10-- 50% System 1 
50% System 5 
Conventional Tillage (Plow) 
One Tillage (Surflan + MCPA, Sweep) 
OPE RAT J:NG IN Pl.I TS 
11 WHEH SEED 
12 13-46-0 fEiiT 
13 A~HYDROUS AMMON 
14 PARATHION 
15 CUSTOM COMbINE 
16 CUSTOM HAULIN~ 
1? RENT FERT SPROER 
18 2-4-0 
19 MCP• 
20 SUR ~LAN 
21 S:OEO TR~A!~'.!NT 
22 A~~IAL ~ERE ~pp 
23 AERIAL INSECT AP 
o.o 
c.o 













37 Ofr--s T DISK 0.0 
38 $?R~Y R 0.0 
39 O~f-S T DISK C.O 
40 M.3. LOw 314 O.O 
41 ~.B. LOW 41¢ 0.0 
42 ORY F RT. SPREAD 0.0 
43 ANHlO OUS A0 PLIE C.0 
44 SWEeP & F C.0 
45 FIELD CULTIVATOR 0.0 
46 STUBBLE ORlllW/F 0.0 
47 STUS8LE DRILL~/F 0.0 
























































































































































































































































































NUMSCR UNIT IHH 
u~:ns CODE CC::JE 
0.() 2. 176. 
o.c 16. 217. 
c.o '2. 210. 
o.o 17. 244. 
O.C 7. 3C5. 
o.c 2. 306. 
o.c 16. 361. 
o.o 13. 251. 
o.c 13. 267. 
o.o 12. 266. 
. 0~0 2. 262. 
o .. o ? .. 268. 















XXXXX POWER MACH TYPE CONT 
UNIT coaE 
c.o 4. 47. 4. -1. 
o.o 10. 98. 4. o. 
o.o 4. 47. 4. o. 
O.O 1. )0. 4. D. 
o.o 4. 33. 4. o. 
o.o 10. 95. 4. o. 
o.c 4. 85. 4. o. 
o.c 4. 68. 4. o. 
o.o 1. 74. 4. o. 
o.c 10. 85. 4. o. 
o.o 4. 87. 4. o. 
o.o 10. 73. 4. o. 
--------cotu~N-----;-----2-------3-------4------5-----6-------7-------3------9-----;5------;;-----12------;3------;4----;5----16---
"A~E OF MACHI~E CODE WIOTH INITIAL SPEED FIELD RC1 RC2 RC3 HCURS YEARS RFV1 RFVZ PURCH4SE FUEl HOURS HP 
TR4CTOR NC 70 
TR~CTO~ 111 
TR.l.CTO;l NC 70 
14.3. PLOli 314 
M.3. PLOW 416 
OFF-Sn DISK 





































PRICE ENCY ANNUALLY LIFE 
19734. o.o 0.88 1.20 0.000631 1.60 332. 10.0 0.630 0.920 17761. 3. 12000. 70. 
37000. O.O 0.88 1.20 O.OOCb31 1.60 623. 10.0 0.630 0.920 33300. 3. 12000. 111. 
1?734. O.O 0.38 1.20 O.OOC531 1.60 186. 10.Q 0.630 a.;20 17761. 3. 120GD. 70. 
1845~ 5.0 0.75 2.00 O.COC251 1.30 2DZ. 10.0 0.600 0.885 1660. O. 2000. O. 
2526. 5.0 0.75 2.00 O.OOC251 1.30 124. 10.0 0.600 0.685 2273. O. 20CO. 
7727. 5.5 0.75 0.65 0.000251 1.80 199. 10.0 0.600 0.885 6955. O. 2000. 
7605. 5.5 0.65 0.65 0.000251 1.80 96. 10.0 0.600 0.885 6!44. o. 2000. 
1591. 5.5 0.75 1.00 0.000251 1.83 31. 10.0 0.600 0.885 1432. 0. 2000. 
1591. 5.5 0.75 1.00 O.OOC251 1.80 100. 10.0 0.600 0.885 1432. O. 2000. 
4747. 5.5 0.67 1.00 O.OOC531 1.60 50. 10.0 0.600 0.885 4272. O. 1GOO. 
12845. 4.5 o.65 o.65 o.occzs1 1.ea 65. 10.0 0.600 o.aBs 11s60. o. 1cco. 
2&158. 4.5 o.65 c.65 o.ooc2s1 1.so 100. 10.0 0.600 o.sas 23542. o. 1000. 
o. 5.5 0.65 0.75 0.000251 1.80 2~. 10.0 0.560 0.885 o. o. 1000. 













Table 26. System 11-- 50% System l - Conventional Tillage (Plow) 
50% System 7 - No Tillage (Bladex + Paraquat, Paraquat) 
OPERATIN; INPLTS RAT!:/UNrT PUCE NUMBER UNIT ITEM TYPE CONT 
UNITS COOE COOE 
11 llHEAY S<'ED o.o o.o c.o o.o o.o 0.0 o.o c.c 1.00 o.o o.o c.o 5.COO o.c 2. 176. 3. o. 
12 H-46-0 FEH c.o o.o c.'o o.o c.o o.o c.o C.4 4 C.44 c.o o.o o.o 14.500 o.c 16. 217. 3. o. 
13 NITPC;E~< (1') c.o o.c o.o o.o o.o o.o c.c 1.50 c.c o.c o.o c.a 6.750 o.o 12. 211. 3. o. 
14 PAR ATM!1~1'1 c.o 1C.GO c.o o.o c.o c.o 0.0 c.c c .. o c .. o o.o o.o c.oa6 a.a 17. 244. 3. o. 
1s cusro~ co~E:~e c.o o.o c.o 0.0 o.o 1. OJ o.o o.c o.o c. () c.o o.o 16.CJO o.o 7. 305. 3. o. 
16 CUSTG~ HAULING c.o o.o c.o o.o c.o '32.0J o.o c.c c.o c.o o.o o.o a. Ho o.c 2. 30 ~. 3. o. 
17 RENT FE~T S?~JER c.o c.o o.o o.o c.o c.o o.o C .. 44 o.o o.o o.o o.o 0.125 o.c 16. 36L 3.. o. 
1t ANHYDROUS AM~JN o.o o.o o.o c.o c.o o.o 0.0.51.50 o.o o.o o.o o.o 0 .150 G.C 12. 210. 3. o. 
19 2-4-D o.o o.o c. 75 o.o o.o o.o o.o C.19 c.o c.o 0.0 o.o 1.100 o.c 13~ 251. : .. o. 
20 PARA~UAT c.o c.c o.o c.o c.o C. SCI c.o c.o c.o c.o o.o c.c 5.850 o.o 13. 265. -::.:. -1. 
21 eL~JEX c.o c.o o.o o.o c.o 1. 25 o.o c. () c.o o.o c.o c.o 3.770 o.o 12. 264. 3. -1. 
22 LI~JIO i'ER1 $?RO c" o c.o o.o o.o o.c 0. o o.o , • 5 Cl c.o c.o c.o 0.0 0.300 o.o H. 362. ,. o. 
23 .e.ER I~L )p;;;.y A'"., c.o 1.00 o.o 0.0 c .. o c.o o.o o.c c.o c.o o.o c.o 3.000 !j. c 7. 2o3. 3.. a. 
24 SEED TR=AT~"NT c.o c.o c.o c.o c.o o.o c.o c.o C.5<) c.o c.o c.o 0.500 o.c 2. 262. 3 .. o. 
25 PARAQUAr c.o o.o c.o o.o c.o o.o o.o c.o C.50 c.o o.o c.o 5.850 o.o 13. lo'>. 3. o. 
MACHINERY REQU!RE~EHTS TIMES OVE~ xxxxx XXXXX POWER KACH TTPE CONT 
iJN!T CODE 
'36 SPRATER c.o o.o c.o o.o o.o 0.5Cl o.o o.c o.o c.o o.o o.o o.o o.o 1. 93. ,._ -1. 
37 OF~-SET DISIC c.o o •. o o.o o.o o.o C.50 c.o o.o o.o o.o o.o 0. (j o.c o.o 4. :.1 _ 4. -1. 
33 S?R Al'2R c.o o.o 1.0J o.o o.o o.o o.o 0.2 s C.50 o.o o.o o.o o.o o.c 1. 9 s. ". o. 
39 CFF-SET OISK c.o o.o a.a o.o c.o o.o o.o c.so c.o o.o o.q o.o o.c o.c 4. 4 7 Q 4. o. 
40 M.B. DLOW 316 c.o c.o o.o o.o c.o c. ll c.26 o.o c.o o.o o.o o.o o.o o.o 2. 31. 4. o. 
41 ORY FERT. SPREAD c.o o.o o.o 0 .(! o.o o.o o.o o. 50 c.o o.o o.o o.o o.o o.o 1. 95. 4. o. 
42 UD fH c.o o.o o.o o.o o.o o.o o.o 0. 5 0 o.o 0.0 o.o o.o o.o o.c 1. <) 6. 4. o. 
43 ANHYDROUS ~PPLIE c.o o.o o.o o.o c.o c.o o.o C.50 c.o c.o o.o o.o o.o 0.0 4. 85. .... o. 
44 FIELO CULTIVATOR o.o o.o o.o o.o o.o o.o c.o o.o c.so o.o o.o o.o o.o c.c 2. ~,,. 4. o. ' ,. 
45 STUBBLE ORlLL~/F c.o o.o c.o o.o c.o c.o o.o o.o 0.25 o.o o.o o.o o.o o.c 'I. 8 6. 4. o. 
46 M.B. PLOW 416 G.O c.o c.o o.o o.o c.o 0.24 o.o o.o o.o o.o o.o o.o o.o 4. 3 3. 4. o. 
47 STU3Blt D~l~l~/F o.o o.o a.a o.o c.o c.o 0.0 c.o C.75 o.o c.o c.o o.o o.o 4. a 7. 4. o. 
---------co[uMN-----1-----2-------3-------4------5-----6-------7-------3------9-----15------11-----12------;3------;4----;5----16---
NAME OF 'IACHLl'iE COO E WIDTH INITIAL SPEED FIELD RC1 RC2 RC3 HOURS Y E·~R S RfV1 RFV2 PURCH~SE FUEL HOURS HP 
(f'EET) LIST (MPH) EFFIC- USED OWllEO PRtCc THE OF 
P~ICE ENCY ANNUALLY LIFE 
TR4CTOR SC 70 1. 70.0 19734. o.o 0.88 1.20 O.OOC631 1.60 300. 10.0 0.680 o. 920 17761. 3. 12000. 70. 
"rn;<CTCR "<C 81 2. 81. 0 23401. o.o Q.83 1. 20· O.OOC631 1. 60 304. 10.0 0.6SO 0.920 21061. 3. 1 ;woo. 81. 
TR~CTOR 111 4. 111.0 370JO. o.o 0.8 8 1.20 O.OOC~31 1. 60 513. 1c.0 o.ogo 0.920 33300. 3. 12000. 111. 
M.B. ?LOW 316 31 • 4.0 1876. 5.0 0.75 2.00 o.ooc~s1 1.30 177. 10.0 Q.600 0.885 168S. o. 20 oo. o. 
M.3. PLOW 416 33. 5.3 2526. 5.0 0.75 2. 00 o.coc2s1 1.30 12 3. 10.0 0.600 0.385 2273. o. 2000. o. 
OFF-SEl DISK 47. 12.5 7727. 5.5 0.75 c. 6 5 0.000251 1.80 198. 1 o.o 0.600 0.885 6955. o. 2000. o. 
F!ELO CULTIVATOR 75. 12. 5 20JO. 5.5 0.75 1.00 Q.000251 1. 80 99. 10. 0 o. 600 0.385 1800. a. 20')0. o. 
Al'dY\JROUS APPl!E 85. 28.Q 4747. 5.5 C.67 1.00 O.COC5:!1 1.60 50. 10.0 0.600 0.885 4 272. a. 1 coo. o. 
ST:JB 3L E. DRILLIO/F 86. 13.2 12.845. 4.5 0.65 0.65 C.000251 1.80 65. 1 o.o 0.600 0.3S5 11560. o. 1000. o. 
STU6SlE DR!Llh/F 87. 26.4 26158. 4.5 o.55 0.65 0.000251 1.80 100. 10.0 0.600 0 • .385 23542. o. 1000. o. 
ORY FtKT. SPREAD 95. 60.0 c. 5.5 0.65 C.75 O.OOC251 1.eo 24. 1c.o 0.560 0.885 o. o. 1000. a. 
lQD FRT 96. 40.0 o. 5.5 0.65 0.75 0.000251 1. 80 36. 1 o.o 0.560 O.S85 c. a. 1000. o. 
SPRAYER 98. 47.0 3 8 30. 5.5 0.60 C.65 0.000251 1.80 150. 10.0 0.600 Q.885 3447. o. 1000. o. I-' 
N 
w ·--,,,......,-
Table 27. System 12-- 50% System 1 - Conventional Tillage (Plow) 
50% System 8 - No Tillage (Surf lan- + MCPA, Paraquat) 
OP:: RAT ING IWP\!TS RHE/VNrT PRICE NUMBER UNIT ITE~ TYPE CONT 
tmITS CODE CODE 
1111HEHSEEO o.o o.o c.o o.o o.o o.o o.o c.o 1.00 c.o c.o o.o 5.COO o.c 2. 176. 3. o. 
12 18•46-0 FERT o.o Q,G o.o c.o c.o c.o o.o 0.44 G.44 o.o o.o o.o 14.500 o.o 16. 217. 3. o. 
13 NITqCGEN (h) c.o G.O o.o o.o o.o c.o o.o 1. 50 c.o c.o o.o c.o 6.750 o.c 16. 211. 3. ' o. 
14 PARATHION o.o 10.GO o.o O.G 0.0 0.0 o.o o.o o.o c.o o.o o.o G.C66 o.c 17. 7.44. 3. o. 
15 CUSTO~ CO~tINE o.o o.o o.o o.o o.o 1 .oo c.o o.c, G.O c.o o.o o.o 1 6. a oo o.c 7. 305. 3. o. 
16 CUS10~ HAUL[N; c.o o.o c.o o.o o.o 32 .o::i o.o c.c c.o c.o 0.0 c.o 0.140 o.o 2. 306. 3. o. 
17 RENT FERT 5PPJeR o .. o o.o o.o o.o o.o o.o o.o C.44 o.o o.o o.o o.o 0.125 o.o 16. 361. 3. o. 
18 A~HYOROUS A~~ON o.o o.o c.o c.o o.o o.o o.o 51 .50 o.o o.o o.o o.o 0.150 o.o 12. 21(). 3. o. 
19 2 -4-0 o.o c.o a. 3~ o.o c.o o.o o.o C.19 c.o o.o o.o c.o 1.700 c.o 13. 251. 3. o. 
!Q i'CPA o.o o.o c.o C.33 o.o c.o o.o c.o c.o o.o c.o o.o 2.090 o.c 13. 26i'. 3. o. 
21 SUR 0 LA'1 c.o o.o o.o 0.63 c.o \J. v o.o o.o o.o c.o c.o o.o 10.400 o.o 12. 266. 3. -1. 
22 P.l'.:tiCl!A! c.c c.o o.o o.o o.o o.o 0 .'J o.c (;.50 o.o o.o o.o 5.850 o.o n. 26 s. 3. o. 
23 LI~UIJ ~ER1 !?RO c.o o.o o.o c.c c.o c.o o.o 1. 5 0 c.o c.o c.o o.o 0.300 o.o 16. 362. 3. o. 
24 IER~~L ~ER5 APP c.o c.o o.o C.50 c.o c.o a.a o.o c.o c.o c.o c.o 3.COO o.c 7. 268. 3. -1. 
25 S::E D TREA Ti'!:~T c.o o.o 0.0 c.o o.o c.o c.o c.o c.so c.o o.o c.o 0.500 o.c 2. 26 2. 3. o. 
26 A=RIAL INSECT AP o.o 1.00 o.o o.o o.o o.o o.o o.o c.o o.o o.o c.o 3.000 o.o 7. 26 9 ft 3. o. 
MACHINERY REQUIR!HENTS TH:ES OVER xxxxx XXXXX POWER MACH TYPE CONT 
UNIT COOE 
38 SPR~YER c.o o.o O.SJ O•O o.o o.o c.o 0.25 c.so o.o o.o o.o o.o o.o 1 • 9 3. 4. o. 
39 OFF-S::T DISK c.o o.o o.o o.o c.o c.o o.o C.50 c.o o.o o.o c.o o.o o.o 4. 4?. 4. o. 
40 ><.8. PLOW !16 c.o o.o o.o c.o o.o o.o 0.26 c .o c.o c.o c.o c.o o.o o.c 2. 31. 4. c. 
41 CH FERT. $l'i\:OAD o.o o.o o.o o.o o.o o.o o.o 0.50 c.o c.o c.o o.o o.o o.o 1. 95. 4. c. 
42 LQD f~T 0.0 o.o o.o o.o c.o o.o o.o C.50 o.o o.o o.o o.o o.o o.c 1. 9 6. 4. o. 
43 ANHYOqous APPLIE o.o c.o o.o o.o c.o o.o o.o c .5 0 c.o c.o c.o o.o o.c o.c 4. ') 5. 4. o., 
44 FIELD CULTIVATOR o.o o.o o.o o.o o.o o.o o.o o.o a.so o.o o.o o.o o.o o.o 2. 75. 4. o. 
45 STUB3LE ORILlW/F c.o o.o o.o o.o o.o o.o o.o o.o C.25 c.o o.o ·a. o o.o o.o 1. 86. 4. c. 
~6 STUBBLE OR•LLW/f o.o o.o o.o o.o o.o o.o o.o o.o C.75 c.o o.o c.o o.o o.o 4. 8 7. 4. o. 
47 H.B. PLOW .t,16 c.o o.o c.o o.o G.O o.o 0.24 c.o c.o o.o o.o o.o o.o o.o 4. 3 3. 4. o. 
--------coLuMN·----1-----2-------3-------4------5-----6-------7-------;------9-----;5------1;-----12------13------;4----15----16--· 
Nl:"!E OF MACHIN!: CODE WIDTH INITIAL SPEED F I':LO RC1 RC2 RC3 HOURS HARS RFV1 RFV2 PURCHASE FUEL t!OU'?S HP 
(FEET) LIST C MPH) EFFtC- LISEO · OWNED PRICE TYPE OF 
PRICE ENCY ANNUALLY LIFE 
TRACTOR NC 70 1. 70.0 1 ?7 3 4. o.o 0.58 1.20 0.0!)0631 1.60 223. 1 o.o 0.680 o. 920 17H1. 3. 12000. 70. 
TR~CTOR NC 81 2. 81.0 2H01. o.o O.SB 1.20 C.COC1:!1 1. 60 3C4. 1 o.o 0.680 o. 920 21061. 3. ~2000. 81. 
TRAC TCR 111 4. 111.0 370 oo. o.o 0.8B 1.20 O.OOC631 1. 60 513. 1c.0 0.680 o. no 33300. 3. 12000. 111. 
H.~. PlCloi 316 31 • 4.0 1376. 5.0 0.75 2.00 0.000251 , .30 177. 10.0 0.600 o. 88 5 16 8 8. o. 2000. o. 
M.3. PLO>/ 416 33. 5.3 25 26. 5.0 0.75 2.00 0.000251 1.30 12 3. 1o.0 0.6JO 0.885 2273. o. 2000 .. o. 
OFF-SET DIS!< 47. 12. 5 7727. 5.5 0.75 c. 6 5 o.ooc2s1 1.so 19 3. 10.0 0.600 0.885 6955. o. 2000. !J. 
FELD CULTIVATOR 75. 12.5 201)0. 5.S 0.75 1.00 O.OOC251 1.80 99. 1 o.o 0.600 0.685 1 soo. o. 20'.lO. o. 
ANKYOROUS APPLIE 85. 28.0 4747. 5.5 0.67 1.00 O.OCC~31 1.60 so. 1 o.o 0.600 0.885 4272. o. iOQO. o. 
sruegLE DRILLk/F 66. 13. 2 12 8 4 5. 4.5 0.65 0.65 O.OOC251 1. 80 65. 10.0 0.600 0.385 11560. o. 1000. o. 
STU88LE ORILLk/f 37. 26.4 Z6158. 4.5 0.65 0.65 o.ooczs.1 1. 80 1 co. 10. 0 0.600 o. 385 23542. o. 1000. o. 
ORY FERT. SPREAD 95. 60.0 o. 5.5 0.65 C.75 O.GCC251 1. 30 24. 10.0 0.560 0. 88 5 o. o. 10 oo. o. 
1.Q~ FRT 96. 40.0 c. 5.5 0.65 O. 7S C.000251 1.ao 36. 1 c.o 0.560 O.SBS o. o. 1000. o. I-' SPRAYER 98. 47.0 3830. 5.5 0.60 0.65 0.000251 1. sa 83. 1o.0 0.600 0.885 3447. o. 1000. o. N' 
.(:--
Table 28. System 13-- 50% System 2 - Conventional Tillage (Chisel) 
50% System 4 - One Tillage (Bladex +Paraquat, Sweep) 
"----~-
1 2 3 4 5 6 7 3 9 10 11 1Z 13 14 15 16 17 1IJ 
JAN FE8 MAR APR MU JUN JUL AUG SEP OCT NOV DEC PRICE WEIGHT UNIT ITEM TYPE CONT 
LINE COOE COOE 
PRO CUC TI·~N NUIBER OF UNITS 
1 llHEH c.o o.o c.c o.o o.o 32.0.'.) o.o c.r.: c.o c.o c.o c.o 4.450 o.c 2. 75. 2. o. 
2 G;<AZING c.20 C.15 c.o c.c o.o c.c o.o c.o c.o o.o 0.10 0.30 o.o o.c 10. 8 7. 2. o. 
OP:RATIN; INPUTS RATE/UNIT PRICE NUMScR UNIT rr:~ TYPE CONT 
UNITS COCE CODE 
11 \,4'lEH s::eo c.o D. 0 o.o o.o o.c c.o o.o c.o 1.00 o.o o.o o.o s.ooo c.o 2. 171. 3. c. 
12 1 3-46-0 F ERT c.o o.o o.o o.o o.o o.o o.o 0.44 0.44 o.o o.o o.o 14.500 o.o 16. 217. 3. o. 
13 A~MrDROUS ~H~ON c.o o.o o.o o.o o.o o.o C.O 103.CO c.o o.o c.o c.o 0 .1 50 o.c 12. 210. 3. o. 
14 P~RH-lIJN c.o 10.00 o.o o.o c.o c.o 0.0 c.o c.o c .. o c.o c.o O.CS6 o.o 17. 244. 3. o. 
15 cusrc~ co~BI~E c.o o.o o.a c.o 0.0 1. 00 o.o o.o o.o c.o o.o o.o 16,COC o.c 7., 305. 3. o. 
16 CUSTO~ ~AULIN; o.o o.o c.o c.c o.o 32.0J o.o G.Ci c.o c.o o.o o.o 0.140 o .. o 2. 30 6. :>. o. 
17 2-..;--o OcC o.o c. 75 o.o o.o c.o c.o C.H c.o c.o o.o o.o 1. 700 o .. o 13. 251. 3. o. 
18 BLA Del( o.o o.o o.o c.o o.o 1.25 c.o c.c 0.0 o.o c.o o.o 3. 770 o.c 12. 264. 3. -1. 
19 P~RAQUAT c.o c.o . o.o a.a a.a a.so c.o o.o c.o c.o o.o c.o 5.850 c.o 13. 265. 3. -1. 
20 A~RI~L SPRAY AP? c.o 1.00 o.o o.o o.o o.o o.o c.o c.o o.o c.o o.o 3.aoo c.o 7. 26 3. 3. o. 
21 SEED TREAT!loNT c.o o.o o.o o.o 0.0 c.o c.o o.o C.50 c.o c.o o.o o.soo o.c 2. 262. 3. c. 
22 RENT FERT SPR~ER o.o o.o o.o o.o o.a o.o o.o C.44 c.o o.o o.o o.o 0 .125 o.c 16. 361. 3. o. 
MACHINERY R!QUIREM~NTS TIMES OYER xxxxx XXXXX POWER M~CH TTPe CO~T 
UNIT CODE 
37 SPilAYER o.o o.o c.o o.o o.o a.so o.o o.o a.a o.o o.o o.o o.o o.o 2. 9 s. 4. _,,. 
38 S?RH:R c.o c.o 1.0J o.o c.o c.o c.o C.25 c.o o.o o.o c.o o.o o.c z. 98. 4. o. 
39 SWEEP & F c.o o.o o.o o.o o.o o.o c.o 0.50 o.o a.a o.o o.o o.o o.o 7. 6 8. 4. o. ' 
40 STU9ELE ORlllW/F o.o o.o o.o o.o o.o c.o o.o o.o 1.00 o.o o.o o.o o.o o.o 7. 88. 4. o. 
41 OFF-S:T DISK G~D o.o o.o o.o o.o o.s:; o.o c.o c.o c.o c.o c.o o.o o.c 7. H. 4. -1. 
42 CHISEL PLOi< o.o o.o o.o a.a a.a c.o 1.00 o.o c.o c.o o.o o.o o.c o.c 7. ,, 3. 4. o. 
43 ORY FERT. SPR~•D c.o o.o c.o o.o o.o o.o o.o C.50 c.o o.o o.o o.o o.o o.o 2. 95. 4. o. 
44 ANHYDKOUS APPLlE c.o 0.0 o.o o.o o.o o.o o.o c. 5 0 c.o o.o c.o c.o o.o c.o 2. 83. 4. o. 
45 FIELD CUL TIYATOR c.o o.o c.o o.o o.o c.o o.o o. 50 0.50 a.a o.o o.o o.o o.o 2. 75~ ' o. ... 
--------ccCuM~-----1--·--2-------3-------4------5-----6-------7-------3------9-----15------11-----12------13------14--~-;5----16---
Nf.~E OF !OCHINE CODE WIDTH INITIAL SPEED FIE LO RC1 RC2 RC3 HOURS YEARS RFV1 RFY2 PURCHASE FUEL HOURS HP 
( FECT) LIST (MPH) EFFIC- USED OWNED PRIC2 THE Of 
PRICE ENCY ANNUALLY LIFE 
TUCTD~ NC 81 2. 81.0 23401. - o.o 0.38 1.20 0.000631 1.60 474. 1 o.o 0.680 o. 920 21'J61. 3. 12MO. 81. 
TRHTOR HO 7. 180.0 5 4 5 '5 3. o.o 0.58 1.20 O.COC631 1. 60 492. 1C.O 0.630 o. 920 49106. 3~ 12000. 180. 
CHISEL PLOll 43. 16 •. 0 31 ::;4. 4.5 0.75 1.20 0.0002;1 1.80 190. 10.0 0.600 o. sa s 2374. o. zc 00. o. 
OFF-SET DISK 49. 16.8 99 36. 5.5 0.75 0.65 0.000251 1.80 74. 10.0 0.600 O. -3 BS 1:)1, 3. o. 2000. o. 
SWEEP ~ F J8. 15.0 7605. 5.5 0.65 C.65 0.000251 1.8.J 96. 10. 0 0.600 0.885 6844. o. 2000. a. 
FiclD CULTIVATOR 75. 12.5 2000. 5.5 0.75 1.00 0.000251 1.80 19 9. 10.0 0.600 o. 885 1500. o. 2COO. o. 
ANliYOROUS '1.PPl.!E 83. 15.D 30 72. 5.5 0.67 1.00 O.OOC631 1.60 93. 10.0 0.600 0.88S 2765. o. 100() .. o. 
STUBBLE DRrLLa/F ea. 39.6 39467. 4.5 0.65 o. 6 5 0.0')0251 1.80 89. 1C.O 0.600 o.ee5 35520. o. 1000. o. 
ORY FERT. SPRclO 95. 60.0 c. s.s 0.65 c. 75 O.C00251 1.ao 24. 1 o.o 0.560 0.885 o. o .. 1 DOO. o. 
SPRAYER ?!l. 47.C 38 30. 5.5 0.60 0.65 0.000251 1.80 , 16. 10.0 0.600 o. 83 s 3447. (). 1000. o. 
""'"' N V1 
Table 29. System 14-- 50% System 2 - Conventional Tillage (Chisel) 
.50/~ System 5 - One Tillage (Surflan + MCPA, Sweep) 
-------- ·-·~----------
2 3 4 5 6 7 a 9 10 11 12 13 14 15 16 17 18 
J~N f!:B MAR A PR MAY JUN JUL AUG S!:P OCT NOV DEC PRICE WEIGHT UNIT ITEM TYPE CONT 
LINE CODE CODE 
PRODUCTION NUM3ER OF UlllI TS 
1 WHEn o.o o.o c.o c.o c.o 32.0[) o.o o.c c.o c.o o.o o.o 4.450 o.o 2. 7 s. :z. o. 
2 GRAlliiG c.20 C.15 o.o o.o c.o o.o o.o o.c o.o o.o 0.10 0.30 o.o o.o 10. 8 ?. 2. o. 
OP=RATING INPUTS RATE/UNIT PR!CE NUMB~R UNIT rr=M TYPE CONT 
UNITS cooe COL>E 
1~ WHEAT Si:EO o.o o.o c.o o.o o.o o.o o.o o.o 1. C•J a.a 0.0 o.o 5.000 o.o 2. 175. ~- o. 
12 18-46-0 F C:RT C~O o.o o.o o.o o.o c.o a.a C.44 C.44 o.o a.a c.a 14.500 a.a 16. 217. 3. o. 
13 ~~HYoqous A~~OH c.o o.o a.a o.a a.o O.G o.o 103.0<J a.a o.o o.o o.o 0.150 o.c 12. 21'.). 3. o. 
14 P~RAT!i!ON c.o 1G.oo c.c o.o o .o o.o o.o c.o o.o a.o o.o o.o 0.0~6 o.c n. 244. 3. o. 
15 CUSTOM co~eIN! c.o c.o o.o O.G c.o 1.0J a.o c.c c.o c.o o.o o.o 16.000 o.c 7. 305. ·3. o. 
16 CUS10~ HAULIN~ c.o c.o o.o o.o o.o 32.00 c.o o.c c.o o.o c.o c.o 0.140 o.a 2. 306. 3. o. 
17 SURFtAN c.o o.o o.o 0.63 o.o o.o o.o a.o c.o c.o o.o o.o 10.400 a.a 12. 266. 3. -1. 
18 ~CPA c.o c.o o.o 0.38 o.o a.o o.o c.o c.o c.o o.o c.o 2.C90 o.o 13. 267. 3. o. 
19 2-4··0 o.o o.o o. 33 c.o c.o o.o c.o C.19 c.o c.o c.o c.o 1. 7 00 o.o 13. 2 51. 3. o. 
20 l<tR!AL HcRS A?P c.o 0.0 c.o a.so c.o o.o a.a o.c o.o o.o c.o c.o 3.COO o.o 7. 26~. 3. -1~ 
21 SEE!:> "P<Et.H':Nr c.o o.o o.o o.o o.o c.o o.o c.o C.50 c.o o.o c.o 0.500 G.C 2. 262. 3. o. 
?2 RENT FE~T S~RJER c.o c.o o.o o.o o.o c.o o.o 0.44 c.o c.o o.o c.o o .12s o.o 16. 361. 3. o. 
2J Ae~IAL tNS~CT AP c.o 1.00 o.o o.o o.o o.o c.o c.o c.o o.o o.o o.o 3.000 o.c 7. Z67. :s. o. 
'ICH!NERY REOLIR!~ENTS TIMES OVER . xxxxx XXXXX PO~ER MACH TYPE CONT 
UNIT COOE 
38 SPRAYER c.o o.a a. SJ o.a o.o o.a o.o o. 25 c.o c.o o.o o.a o.c o.a 2 • 9 3. 4. o. 
3? S;.'E?F & F c.o a.a c.o a.o o.o o.o c.o C.50 o.o c.o c.o o.o o.c o.o .., 6 3. 4. o. I • 
40 STU3~LE DRILLW/F a.o o.o o.o o.o o.o c.o o.a o.c 1.ao c.o c.o a.o o.o o.c 7. 83. 4. c. 
41 CFF-S2T DISK c.o o.o a.a a.a c.o 0.50 o.o o.o c.o a.a o.o o.o o.c o.o 7. i; 9. 4. -1. 
42 CHISEL PLOii o.o o.o o.o a.o o.o o.o 1.00 a.a c.o a.a o.o c.o o.o o.o 7. 43. 4. a. 
43 ANHYDRCUS A?PLIE o.o o.o o.a o.c a.o a.o o.o c.so c.o o.o c.o o.o o.a a.a 2. 83. 4. o. 
44 O~Y FERT. ~PR2AD 0.0 o.o o.o o.o a.a o.o o.o a.s 0 o.o c.o c.o o.o o.a o.o 2. 95. 4. o. 
45 FIELD CULTIVATOR c.o o.o o.o c.o o.o o.o o.o 0.50 0.50 o.o o.o c.o a.a o.c 2. 7S. 4. (). 
-------------------------~----------------------------·-----------------------------~----------------------------------------------CCLU~t. 1 2 3 4 5 6 7 3 9 10 11 12 13 14 15 16 
IO'IE OF MACHIN!: coo: WIDTH INITIAL SPEED FIELD RC1 RC2 RC3 HOURS 'fEARS RFY1 RFV2 PURCHASE FUEL HOURS HP 
(FEET) LIST (MPH) EFFIC- USED OWNED PRICE T"!PE OF 
PRICE ENCY ANNUALLY LIFE 
TR4CTOR NC 81 2. 81.0 2 3 41)1. o.o a. aa 1.20 0.000031 1.63 400. 10 .o 0.680 o. 920 21061. 3. 12000. 81. 
TR~CTDR 180 7. 180.0 5 4 5 6 3. o.o 0.88 1.20 O.OOC631 1.6a 493. 10.0 0.6Sa o. 920 49106. 3. 12000. 180. 
CHISEL PLOW 43. 16.0 3194. 4.5 a.75 1.20 O.OOC251 1.80 190. 10.0 a.600 0.885 2 371.. a. 2000. a. 
CF"-SET DISK 49. 16.8 9936. 5.5 0.75 C.65 O.aOC251 1.ao 74. 1 o.o 0.600 C.885 8 94 3. a. 2000. a. 
s11eEP & F ; 8. 15.0 75')5. 5.5 0.65 0.6 5 o.ooczs 1 1 • 8 J 96. 10. 0 0.600 o. 885 6 84 4. a. 2C GO. a. 
F;oLD CULTIVATOR 75. 12.5 20Ja. S.5 0.75 1.ao O.GQ0251 1.80 199. 10.a C.600 a.gas 1500. o. 20CO" o. 
A~KYDROUS APPLIE 33. 15. 0 3072. 5.5 0.67 1.00 O.OG0531 1. 6iJ 93. 1a.a 0.600 0.385 2765. o. 1000. o. 
STUSoLE ORILlk/F 88. 39.6 39467. 4.5 0.65 0.65 0.000251 1.80 89. 1 a.a 0.600 a.sas 35520. o. 1000. o. 
ORY FERT. SPREAD 95. 60.a a. 5.5 0.65 O. 7S O.OaG251 1.80 24. 10.0 0.560 0.885 o. o. 1000. o. 
SPRAYER 98. 47.0 3830. 5.5 0.60 0.65 O.ODC251 1. 80 50. 1c.o 0.600 0.885 3447. o. 1000. o. 
i-' -------·-- --· N 
°' 
Table 30. System 15-- 50% System 2 
50% System 7 
Conventional Tillage (Chisel) 
No Tillage (Bladex +Paraquat, Paraquat) 
OPE RAT ING IN F'IJTS 
11 I/HEAT S:ED 
tz 13-46-C Fi:RT 
13 NITROGEN (h) 
14 PARATHION 
15 CUSTOM co~etNE 




20 LI;UI~ FERT SP~O 
21 A2RIAL HE~~ APP 
22 ScEa TREAT~E~T 
23 RENT fEqT SP~Jfq 


















37 SPRAYER C.0 
38 SPRAYER 0.0 
39 LCD FRT C.0 
4G STU68LE ORJLL~/F C.O 
4Z STU86LE ORlLLW/F C.0 
43 OFF-SET DISK C.O 
44 CHISEL PLO• C.0 
45 ORY FERT. SP~EAO C.0 
46 ANHYCROUS APPLIE C.0 














































































































































































































































































































































































N•~e OF MACHINE CODE WIDTH INITIAL SPEEO FIELD RC1 RC2 PC3 HOuqs YEARS RFV1 PFVZ PUPCHASE FUEL HOURS HP 
TR~CTOR 'IC 70 























CFEET) LIST (MPH) EFFIC- USEO OW~ED PRICE TYPE OF 
70.0 
31.0 










P~ICE :N:Y ANNUALLY LIFE 
19734. C.O 0.88 1.20 O.COC631 1.60 4a2. 10.0 0.680 0.920 17761. 3. 12000. 70. 
23401. o.o o.ss 1.20 o.cao~31 1.60 21a. 10.0 o.6ao o.920 21061. 3. 12cco. 81. 
41256. o.a o.aa 1.25. 0.000031 1.60 489. 1a.o o.630 o.no 37130. :!. 12000. 131. 
2609. 4.5 0.75 1.20 O.OOC251 1.so 253. 10.0 0.600 0.885 2348. o. 2000. o. 
B46C. 5.5 o.75 c.65 0.000251 1.ao 92. 1c.o 0.600 o.ss5 7614. o. 2000. o. 
2000. 5.5 0.75 1.00 0.000251 1.80 198. 1C.O 0.600 O.S85 1&00. O. 2000. O. 
3072. 5.5 0.67 1.00 0.000~31 1.60 93. 10.0 0.600 o.sss 2765. o. 1000. o. 
12845. 4.5 o.65 o.65 a.coc!51 1.80 65. 10.0 0.600 o.ses 11560. o. 1000. o. 
26158. 4.5 o.~5 o.65 o.0002s1 1.80 100. 10.0 o.600 o.ses 23542. o. icoo. o. 
o. s.5 o.65 o.75 o.ooc2s1 1.so 24. 10.0 o.560 o.s8s o. o. 1aoo. o. 
C. 5.5 0.65 C.75 0.000251 1.SJ 36. 10.0 0.560 0.385 O. O. 1000. O. 




Table 31. System 16-- 50% System 2 
50~~ System 8 
Conventional Till.age (Chisel) 
No Tillage (Surflan + MCPA, Paraquat) 
OP~R~iIN~ !NF~TS 
11 loi~EAT SEED 
12 1 ~-46-0 FERT 
13 NITROGt:\I 00 
14 PaHHlON 
15 CUSTOM COME!NE 





Z1 LIQUIO FER1 SPRO 
~z ~EPIAL HERE P.?P 
23 SEED TREATrENT 
24 R~NT FFRT SPR&ER 
25 ANHYDROUS A~~ON 










r .. o 
c .. o 
~.o 





}o SPRAY:R C.0 
39 l~O F~T 0.0 
40 STU3SLE OKlLL~/F C.0 
41 OFF-SET CISK C.O 
42 CHISEL PLOW C.O 
43 ORT FERT. SPR:AD 0.0 
44 ANHYDROUS ~PPL!E 0.0 























































































































































































































































































U~IT ITE~ TYPE CONT 
CODE CODE 
2. 176. 3. o. 
16. 217. 3. o. 
16. 211. 3. o. 
17. 244. 3. o. 
7. 305. 3. o. 
z. 306. 3. o. 
12. 266. 3. -1. 
13. 251. 3. o. 
13. 267. 3. o. 
13. 265. 3. o. 
16. 362. 3. o. 
7. 263 .. 3. -1. 
2. 262. 3. o. 
16. 361. 3. o. 
12. 21 o. 3. o. 
7. 26?. 3. o. 
XXXXX PO~ER M~CH 7YPE CONT 
UNIT CODE 
O.C 4. v3. 4. C. 
o.o 4. 9~. 4. o. 
c.c 7. 88. 4. o. 
o.c 4. 47. 4. -1. 
o.o 7. 43. 4. o. 
o.o 4. 95. 4. o. 
c.o 4. 85. 4. o. 
o.o ~. 77. 4. o. 
--------ccLuH~-----1-----2-------3-------4------5-----6-------7-------a------~-----15------;1-----;2------;3------14----;5----16---





















(FEET) LIST CMFH) EFFIC- USED OWNED PRIC: TYPE OF 
111.0 









P~ICE ENCY ANNUALLY LIFE 
37000. O.O 0.38 1.20 O.OOC631 1.60 485. 10~0 0.650 0.920 33300. 3. 12000. 111~ 
54563. o.o a.ea 1.20 o.ooc~~1 1.60 306. io.o 0.630 o.920 49106. 3. 12cJo. 1so. 
3194. 4.5 o.75 1.20 o.ooolS1 1.ao 190. 10.0 0.600 o.as5 2374. o. zcoa. o. 
7727. 5.5 O.?S C.65 O.OOG251 1.so 1GO. 10.0 0.600 o.e85 6955. o. 2000. o. 
3549. 5.5 o.75 1.00· o.ooc2s1 1.eo 150. 10.0 0.600 o.ess 3194. o. ·2000. o. 
4747. 5.5 0.~7 1.00 0.000631 1.60 50. 10.0 0.600 0.885 4272. O. 1COO. 
39467. 4.5 0.65 C.65 0.000251 1.80 89. 10.0 O.oOO 0.385 35520. O. 1000. 
o. 5.5 0.65 0.75 0.000251 1.80 24. 10.0 0.560 0.685 o. o. 1000. 
c. s.s o.65 o.1s o.ooczs1 1.80 36. 10.0 o.560 o.sss d. o~ 1000. 









Table 32. System 17-- 50% System 3 
50% System 4 
1 2 3 4 
JAN Fe!\ MAR A PR 
LillE 
PRODUCTION 
1 WHEAT c.o o.o o.o o.o 
2 GRAZING c. 20 0.15 o.o c.o 
OPcRATIN~ INP~TS 
11 WHEAT s:eo c.o o.o c.o o.o 
12 15-46-0 F ERT <";.O c.o G.O o.o 
13 ANHYDROUS A~MQN c.o o.o o.o 0.0 
14 PARHH!ON o.o 10.00 o.o o.o 
15 tUSTOM COMBINE c.o o.o o.o o.o 
16 c us TC:-! Hll uu:-;:,; c.o o.o o.o a.o 
17 2-4··0 c.o c.o a.?> a.o 
15 8LAOEX c.o a.o o.o o.a 
19 PARAQUAT c.o c.o o.o o.o 
20 AERIAL SPRAY ~?P c.o 1.00 o.o o.o 
i1 "SEEO TREAT~ENT c.o o.o o.o a.a 
MACHIN~RY REQUIREMENTS 
38 SPRAYER c.o o.o 1. 0) o.o 
39 SoEEP & SF c.o o.o o.o 0 .t• 
40 STUB8LE ORlLLW/F o.o o.o o.o O.G 
41 STUBBLE CRlLL~/F c.o o.o o.o o.o 
42 SPRAYER . c.o o.o o.o o.o 
43 SWEEP & Sf c.o o.o o.o c.o 
Two Tillage (Bladex·+ Sweep, Sweep) 
One Tillage (Bladex + Paraquat, Swe€p) 
5 6 7 3 9 10 11 12 1l 
MAY JUN JUL AUG SEP OCT NOV DEC PRICE 
NUM3 ER OF UNI TS 
c.o 32.0J o.o o.o c .o o.o o.o o.o 4.450 
c.o o.o o.o o.o c.o c.o 0.10 0.30 o.o 
RATE/UNIT PRICE 
o.o c.o o.o c.o 1.00 c.o o.o o.o s.coo 
c.o o.o o.o c.o C.88 o.o o.o o.o 14.500 
c.o o.o o.o 103.00 c.o o.o 0.0 c.o 0.150 
c.o o.o o.o c.o c.o o.o o.o c.o 0.036 
c.o 1.00 c.o c.c c.o o.o o.o c.o 16.COO 
c.o 32. 00 c.o o.c c.o c.o c.o c.o a.Ho 
o.o o.o c.o o. 3 8 c.o c.o c.o o.a 1.700 
o.o 2.50 o.o c.c c.o c.o c.o c.o 3. 770 
c.o C.50 o.o o.o c.o o.o o.o c.o 5.850 
c.o o.o o.o a.a o.o c.o o.o o.o 3.000 
o.o c.o o.o o.o 1.ao o.o o.o o.o 0.500 
TIMES OVER xxxxx 
o.o o.o o.o o. 50 c.o c.o o.o c.o o.o 
c.o o.o o.o 1.00 c.o c.o o.o c.o 0.0 
o.o o.o c.o o.o C.30 c.o o.o o.o o.c 
o.o o.o c.o o.o c. 7iJ c.o o.o o.o o.6 
c.o 0.50 o.o o.o c.o c.o c.o o.o o.o 
c.o a.so o.o o.o o.o o.o o.o ,O.O o.o 
14 1 '5 16 17 18 
WE!GHY UNIT ITE~ TYPE CONT 
CODE CODE 
o.o 2. 76. 2 .. o. 
c.o 1c. n. z. o. 
NUMBER UNIT ITEM TIPE CONT 
lillHS CODE CC'.>E 
o.o 2. 176. 3. o. 
o.o 16. 217. "· o. 
0.0 12. 210. 3. -. J;. 
o.o 1?. 244. 3. c. 
o.c 7. 305. :s. o. 
o.o 2. 30 6. 3. o. 
o.o n. 2s 1. 3. o. 
c.o 12. 264. 3. -1. 
c.o 13. 26 5. 3. -1. 
a.a 7. 265. 3. o. 
c.o 2. 262. 3. o. 
XXXXX PO~ER MACH TYPE CONT 
u:nT CO:JE 
o.o 1. 9 8. ~. o. 
c.c .. . 6 2. 4. o • 
o.o 1. 8 6. 4. o. 
o.o 4. 37. 4. o. 
c.c 1. 98. 4. -1. 
o.o 4. 6 2. 4. -1. 
--------coLu~N-----1-----2-------3--·----4------5-----6-------7-------3------9-----15·-----1;-----;2·-----;3------;4----;5----;6"--
MA:>IE OF llACHilii'! CODE WIDTH INITIAL SPEED FIELD RC1 RC2 RC3 HOURS YEARS RFl'1 RfV2 PURCH~SE FUEL HOURS HP 
(FE ET) LIST (MPH) EFFIC- USED OWNED f>R ICE TH'~ OF 
PRICE ENCY ANNUALLY LIFE 
TR~CTOR r\C 70 1. 70.0 19734. o.o 0.88 1.20 O.OOCS31 1.60 23 3. 10.0 0.680 o. 920 17761. 3. 12C 00. 70. 
TRACTOR 111 4. 111 .o :noao. o.o 0.38 1.20 O.OOCt.31 1.60 417 •. 1 o.o 0.630 o. 920 33300. 3. 12000. 111. 
SWEEP & SF 62. 15.0 9494. 5.5 0.55 0.65 O.O:JC251 1.80 28t.. 1 o.o 0.600 o.ees S545. o. 20 •JOe o. 
STUBBLE DRILL\l/F 86. 13.2 12 8 4 5. 4.5 0.65 0.65 0.000251 1. 80 80. 1C.O 0.600 0.885 11560. a. 1 ooo. o. 
STUBSLE ORILL~/F 37. 26.4 2615 8. 4.5 0.65 C.65 O.COC251 1. 80 93. 10.0 0.600 o.se5 23542. o. 1 coo. o. 
SPRA YE~ 98. 47.0 JS 30. 5.5 0.60 o. 65 0.000251 1.so 132. 10.0 0.600 0.855 344 7. 0~ 1000. o. ------------ -- ---~--- -------------- __ ..,_ -- ---~-----------------------__________ ,,,_ _____ --------------------_,, __ -----.,. -------------------KOURS USED ANNUALLY BASED JN 1240 ACRES/YEAR EPPl..IN . MACHINERY COMPLEMENT 14 
80% TIMELINESS 10 HOUR OAYS EQUIPMENT COMPLEMENT 14 





Table "n .) . .J., System 18-- 50% System 3 
50% System 5 
l 2 3 
JAN Fi:B KAR 
LHH.: 
PRODUCTION 
1 IOHE AT 
2 GRAZING 
c.a a.a c.o 
0.20 C.15 O.O 
OPERATING INP~TS 
11 l<HE AT S\!ED 
12 , S-46·-o FcRT 
13 ANMYD~OUS A~~ON 
14 f'~~411'10H 
15 CUSIOM COKBINE 
16 CUSTO~ HAULIN~ 
17 SUR FUN 
18 MCPA 
19 2-4-D 
20 A RIAL HER6 A?P 
21 S EiJ TREATl'5NT 
22 8 ACEX 















38 SPRAYER C.a 
39 SWEEP ~ F O.a 
40 STU36LE ORILLW/F a.a 
41 STUBBLE ORILLW/F C.0 



























































Two Tillage (Bladex + Sweep, Sweep) 







NUMSER OF UNI TS 
o.o 32.0J o.o 









































































































11 12 13 
NOV DEC P~ICE 
o.o o.o 4.450 

























































14 15 16 17 18 

























UNIT IT"-A TYPE CO~T 
CODE CODE 
2. 1"76. 3. o. 
16. 217. 3. o. 
12ir 21.1. 
17. z1,4. 
"7. 3C 5. 
2. 3C5. 
12. 266. 
13. 26 7. 
13. 251. 
7. 263~ 














XXXXX POWER ~ACH TYPE CONT 
UNIT CODE 
o.o ~- 95. 4. o. 
o.c 4. 63. 4. o. 
o.o 1. 85. 4. c. 
o.c 4. 87. 4. c. 
o.o 4. 63. 4. -1. 
--------coLu~N-----;-----2-------3-------4------5-----;-------7-------8------9-----;5------;;-----12------13-----~14----;5----16---

























PRICE ENCY ANNUALLY LI Ft 
19734. O.O 0.88 1.20 O.OOCS31 1.60 161. 10.0 0.660 Q.920 17761. 3. 12000. 70. 
37000. C.O O.B8 1.20 0.0006~1 1.6J 417. 10.0 0.680 0.920 33300. 3. 1?.COO. 111. 
7605. 5.5 0.65 0.65 0.000251 1.80 286. 10.0 0.600 0.885 6844. o. 2000. 
12845.· 4.5 0.65 0.65 0.000251 1.80 80. 10.0 0.600 a.BES 11560. o. 1000. 
26158. 4.5 0.65 0.65 0.000251 1.80 93. 10.0 0.600 0.885 23542. O. 1000. 





----------HOU~s-jseo-ANNUALLY-BASE0-5N-1240-ACRESiYEAR ______________________________ EPPLIN ____ MACHINERY-COMPLEMENT--14---------~--
aox Tl~ELINESS 10 HO~R DAYS, AERIAL SURFLAN & MCPA APPLICATION, EQUIPMENT COMPLEMENT 14 




Table 34. System 19-- 50% System 6 - One Tillage (Bladex + NH3 + Sweep, Paraquat) 
50% System 4 - One Tillage (Bladex.+ Paraquat, Sweep) 
1 ~ 3 t, 5 6 7 8 9 1a 11 12 13 H 15 16 17 18 
JAN FEB "'AR APR MA'I' JUN JUL AUG SEP OCT NOV DEC PR!CE WEIGHT UNIT ITEM TYPE CONT 
lI'IE COCE CODE 
PROO UC T!ON NUM3ER OF UNITS 
1 WHEAT c.o c.o o.o o.o o.o 32.00 o.o c.c c.o c.o c.o o.o 4.450 o.o 2. 76. '2. o. 
:Z GRAZI~G c. :Zil 0.15 o.o o.o c.o o.o o.o c.o o.o c.o c.10 0.30 o.o o.c 10. 8 ~. :2. o. 
OPl:RATING INPl.TS RATE/UNIT PRICE NUMaER UNIT ITEM TYPE CONT 
UNITS COOE CODE 
11 WHEAT s;;Eo o.o c.o a.a o.o c.o o.o o.o c.c 1.00 o.o c.o c.o 5.COO o.c 2. 17 6. 3. o. 
12 1 S-46-G FE;;T c.o c.o o.o o.o o.o c.o c.o c.o c. 88 c.o c.o o.o 14.500 o.o 16. 217. 3. o. 
13 ANHYCKCUS A~MON c.o o.o o.o o.c o.o o.o c.o 51.50 c.o c.a c.o c.o 0.150 O.G 12. 2FJ. 3. o. 
14 FAR ATrlION c.o ic.oo o.o O.G c.o o.o o.a c.o c.o o.o o.o c.o O.CS6 o.c 17. 244. 3. c. 
15 CUSTC~ COMeIN5 o.o o.o c.o 0 .c c.o 1.00 o.o c.c o.o c.o o.o c.c 16. c 00 o.c ?. ~cs. 3. o. 
16 CUSTD~ HIULIN; c.o o.o c.o o.c o.o 32<00 c.o 0.0 c.a c.o o.o o.o 0 .140 o.c 2. 306. 3. Q. 
17 2-4-0 c.o o.o c. 75 a.o o.o c.o o.o 0.3 8 o.a G.a c.o c.o 1.700 o.c 13. 251. ;;~ o. 
18 eu,on c.o o.o c.o c.o o.o 2.50 o.o o.o c.o c.o 0.0 o.o 3. 7 70 o.c 12. 264. 3. -1. 
19 PARA~UAT c.o o.o o.o a.o o.o o.o o.o c.o C.50 o.o o.o o.a 5.850 0.0 n. 265. 3. o. 
20 ~:RIAL SP?.AY APP c.a 1.co a.a o.o o.a o.o o.a c.o c.o o.o o.o c.o 3.000 a.c 7. 268. ::s. a. 
21 SEED TRE~Tl'ENi c.o o.o o.o o.a o.o o.o c.o c.o 1.00 o.o o.o o.o a.soo O'.O 2. 262. 3. a. 
22 A~HYC~OUS AKMON c.o o.o o.o o.o o.o 51 • 5 () o.o o.c c.o o.a c.o c.o 0.150 o.o 12. 210. 3. -1. 
23 PARAt;:tJAT c.o o.o c.o o.a o.o 0.5J o.o c.o c.o c.o o.o o.o 5.850 o.o 13. 265. 3. -1. 
MACHINERY REQ~IREMENTS TIMES OVER xxxxx xxx~x POWER MACH TYPE CONT 
UNIT COOE 
:SS SPR AV:R c.o o.o 1.0) o.o o.o a.o o.o a.so c.a c.o o.o o.a 0.0 o.c 1 • 9 a. 4. o. 
39 SiolEEP & SF o.a c.o c.o o.o c.a o.o c.a a.so c.o o.o a.o c.a o.o o.o 5. 6 3. 4. o. 
40 STU~SLE DRlLLJ/F c.o o.a o.o a.a o.o o.o c.o c.o C.30 a.a o.o c.o o.o o.o 1 • 86. 4. o. 
4~ STUBBLE CRlLLW/F c.o C.0 o.o C.G o.o o.o G.O c.c C.70 c.a o.o c.o a.o o.o 5. 87. 4. o. 
42 SPRAYER o.o o.o o.o o.o c.o a.SJ o.o c.o c.o c.o c.o o.a o.c o.o 1. 9 s. 4. -1. 
43 SWEEP & SF o.o o.o o.o o.o c.o a.50 o.o o.o o.o o.o o.o o.o o.c o.o 5. 63. 4. -'i. 
--------~~~~~;-----i·----~-------~-------i·-----;-----~-------~-------;------~-----i5------ii·----i~------i~------ii ____ i;----i;---
i'iil"IE OF IHCiHhE CODE WIDTH INrTIAL SPEED F!ELO RC1 RC2 RC3 HOU;{S YEARS RFV1 R F'i 2 PURCHASE FUEL HOURS HP 
(FEET) LIST (MPH) EFFIC- USED . OWNED PR!CE TYPE OF 
PRICE ENCY ANNUALLY LI!'E 
TRACTOR NC 7a 1. 70.0 19734. o.o 0.98 1.20 O.OOCt.31 1.60 233. 1c.o 0.680 o.si20 17761. 3. 12000. 7C. 
TR.\CTOR 131 5. 131.0 41256. o.o 0.38 1.25 O.OOCS31 1.60 288. 10.0 0.630 0.920 37130. 3. 12000. 131. 
Sli":EP & SF 63. 20.a 14233. 5.5 0.55 C.65 O.OOC251 1.eo 169. 1 a.o 0.600 0.885 12855. o. 2000. o. 
STUBBLE DR1Llk/F 86. 13.2 12 8 <. 5. 4.5 0.65 0.65 0.000251 1.80 8 '). 1 o.o 0.600 0.885 11560. o. 1COC. o. 
STUBBLE OR!LL•IF 87. 26.4 25158. 4.5 0.65 0.65 0.000251 1.80 93. 10.0 0.60a 0.885 23542. o. 1000. o. 
SPRAYEi< 98. 47.0 3830. 5.5 Q.60 C.65 o.a00251 1.80 132. 1 o.o 0.600 o.se5 344 7. o. 1000. o. 
--------~----------------------------------------------------------------------------------------------------------------------·---HOURS USED ANNUALLY SASED )N 1240 ACRES/YEAR EPPLIN MACHIN~R'I' CCMPLEMENT 14 
80% TIMELINESS 10 HOUR DAYS EQUIPMENT COMPLEMENT 14 





Table 35. System 20-- 50% System 6 
· 50% System 5 
1 2 3 
J~N FEB MR 
!.INE 
PR '.JD 'JC TI ON 
1 Wt1E AT 
2 GRAZING 
c.o c.o c.o 
0.20 0.15 o.o 
OPER~TING INPUTS 
11 WHEAT S<:ED 
12 15-46-0 FER'l' 
13 ~NHYOROUS ~M~CN 
14 PAR ATrl!Ol'l 
15 CUSTO~ COMEINE 
16 CUSTO~ HAULIN~ 
17 SURFLAN 
18 MCP ~ 
'i9 2-4-D 
20 AERIAL HERE APP 
21 SEED TREAT~ENT 
22 !lLADEX 
23 Pa~QJAT 
24 AERIAL INSECT AP 

















38 SPR~YER C.0 
39 S~EEP & SF C.0 
40 STUSBLE DRlLLW/F 0.0 






























































One Tillage (Bladex + NH3 ~ Sweep, Paraquat) 







NUMSER OF UNITS 
c.o 32.0J o.o 
o.o c.o c.o 
RATE/UNIT 
c.o o.o 0.0 
o.o c.o o.o 
o.o o.o c.o 
c.o o.o o.o 
o.o 1.0J c.o 
o.o 32.0!J o.o 
o.o o.o o.o 
c.o 0.0 c.o 
o.o c.o o.o 
o.o o.o o.o 
o.o c.c c.o 
c.o 1.25 o.o 
o.o o.o c.o 
c.o c.o o.o 











































































11 12 13 
NOV DEC PRICE 
o.o c.o 4.450 
C.10 C.30 O.C 



























































,. 15 16 17 18 


















o .. c 
o.o 
o.o 
2. 76. 2. 




































XXAXX PO~ER MACH TYPE CONT 
UNIT CODE 
o.c 7. 93. 4. o. 
c.o 7. 64. 4. o. 
o.c 7. ss. 4. o. 
o.c 7. 64. 4. -1. 
--------coLuMN-----1-----2-------3--·----4------;-----6-------7-------8------9-----15------11-----12------13----·-14----15----16·--
NAHE OF MACHINE CODE WIDTH INITIAL SPEED FIELD RC1 RC2 RC3 HOURS YEARS RFV1 RFV2 PU~CHASE FUEL HOURS ~p 
(FEET) LIST (MPH) EFFIC- USEJ OWNED PRICE TYP! OF 
PRICE ~NCY ANNUALLY LIFE 
TR~CTOR 180 1. 
64. 
88. 
1->,0.0 54563. O.C D.38 1.20 0.000~31 1.60 319. 10.0 0.680 0.920 49106. 3. 12000. 1SD. 






16528. 5.5 0.55 0.65 0.000251 1.80 135. 10.0 0.600 0.385 14375. o. 2000. o. 
39467. · 4.5 0.65 0.65 0.000251 1.80 89. 10.0 0.600 0.385 35520. O. 1000. 




sox TIMELINESS 10 HOUR O•YS, AERIAL SURFLAN & MCPA APPLICATION, EQUIPMENT COMPLEMENT 14 




Table 36. System 21-- 50% System 1 - Conventional Tillage (Plow) 
50/~ System 3 - Two Tillage ( Bladex + Sweep, Sweep) 
----· 
or~RlilN~ INPUTS RATE/UNIT PRICE NU~eER UNIT IT~M TYPE CCNT 
UNITS cooe con 
11 wHEH SEED c.o o.o o.o 0.0 o.o c.o o.o c.o 1.00 o.o c.o c.o 5.000 o.c 2. 176. 3. o. 
12 18-46-0 FERT c .• o c.o o.o o.o c.o c.o o.o 0.44 c .44 o.o o.o c.o 14.500 o.o 16. 217. 3. o. 
13 ANHYDROUS A~~ON c.o o.o c.o O.G o.o c.o c.o 103.00 G.O o.o o.o c.o 0.150 o.o 12. 21J. 3. o. 
14 PlUTrlION o.o 10.oa o.o o.o c.o o.o o.o o.o o.o o.o c.o o.o 0.066 o.c 17. 244. 3. o. 
15 CUSTOM COMEINE c.o c.o o.o o.o c.o 1 .,Q'.) a.a o.c o.o 0.0 c.o c.o H.000 o.o 7. 305. 3. c. 
16 CUSTOM HAVLIN[ o.o a.o o.o o.o o.o 32.0) o.o c.o o.o o.o o.o o.o 0 .140 o.c 2. 306. 3. o. 
17·R:NT FERT SP~OER c.c o.o o.o o.o o.o o.o o.o C.44 c.o c.o c.o c.o 0.125 o.o 16. 361. 3. o. 
18 2·4-D c.o c.o 0. 75 o.o c.o o.o o.o C.19 c.o c.o c.o c.o 1.700 o.o 13. 251. 3. o. 
19 BLAJEX c.c (i. 0 c.o 0.0 o.o 1. 25 o.o o.c c.o 0.0 o.o o.o 3. 770 c.o 12. 264. 3. -1. 
21 SEED TREAT~~~! (), 0 o.o o.o o.o c.o o.o o.o c.c C.50 c.o o.o o.o 0.500 o.o 2. 262. 3. o. 
22 AERIAL SPR~Y ~P? c.c i.00 o.o o.o o.o o.o c.o c.o c.o c.c o.o o.o 3.000 o.o 7. 266. 3. o. 
~ACHINER1 REQUiFENENTS TIMES OYER xxxxx XXXXX POWER ~ACH TY~! CO~T 
UNIT COOE 
36 Sil2EP ~ SF c.o o.o o.o o.o c.o C.SD c.o c.o c.o c.o o.o o.o 0.0 o.o 4. 6 2. 4. -1. 
37 O!'F-S~T DISK o.o o.o c.o o.o 0.0 C. Su c.o c.c c.o o.o c.o o.o o.c o.c I,. n. 4. -1. 
38 S?RH2R c.o o.o 1. Q) c.o c.o o.o o.o C.25 c.o c.o c.o o.o o.o o.c 10. 9 8. 4. o. 
39 OFF-SET DISK o.o o.c o.o o.o c.o o.o o.o .0.50 c.o o.o c.o o.o o.c o.c 4. 4 7. 4. o. 
~0 l".B. PLOW 314 o.o a.o c.o o.o o.o c.o 0.25 c.o c.o o.o c.o c.o o.o o.o 1. 3 a. 4. o. 
41 fll.6. PLOW 14 a.o o.o c.o c.o o.o c.o 0.25. o.o c.o c.o c.o c.o o.o o.c 10. 3 Se "· o. 42 OH FcR r. S?READ o.o o.o c.o a.o o.o o.o a.a a.50 c.o a.o 0. 0, o.o o.o o.o 1. 95. 4. o. 
43 A~HYOROUS A?PLIE o.o o.o o.o 0.0 o.o c.o o.o 0.50 c.o c.o o.o o.o o.o a.a 4. 85. 4. 0. 
"4 SWEEP & SF c.o o.o o.o c.o c.o o.o c.o a.so a.a o.o o.o o.o o.o o.o 4. 62. 4. o. 
45 FIELD CULTIVATOR c.o o.o a.o o.o o.o o.o o.o c.o C.33 c.o c.o c.o o.c o.o , . 74. 4. o. 
46 F=ELO CULTIVATO~ a.a c.a o.o o.o c.o o.o c.o c.c c.12 c.o c.o c.o o.o o.o 10. .., ., , ~- 4. o. 
47 STUSSLE DRILL~/F c.o o.o o.o o.o o.o o.o a.o a.a 0.25 o.o o.o o.o o.o a.o 10. 8 6. 4. o. 
4B STUBBLE ORILL~/F c.o a.o c.o c.o c.o o.o o.o o.o 0.75 c.o c.o o.o o.o a.o 4. 87. 4. o. 
--------coLu~~-----1--·-·2-------3·------4------5-----6-------7-------;------9-----10------11-----12·-----;3------;4----;5----16---
~AME OF M•CHU.~ COO E wrorn INITIAL SPE:D FIELD RC1 RC2 RC3 110lJRS YEARS RFV1 RfV2 PURCH~SE F UfL liOU~S HP 
(FEET} LI ST (MPH) EFFIC- USED OWNED ?~ICE TY?E OF 
PRICE ENCY ANNUALLY LIF;: 
TR~CTOR NC 70 1. 70.0 1973 4. o.o 0.38 1.20 O.OOC631 1.60 351. 1 c.o 0.680 o. 920 17161. 3. 12000. 70. 
TRACTCR 111 4. 111.0 370JO. 0.0 Q.38 1.20 O.C00~31 1 .60 593. 10.0 0.630 o. 920 33300. 3. 12000. 111. 
TRACTOR NC 70 10. 70.0 19734. o.o o.sa 1.20 O.OOC631 1. 60 410. 10.0 0.630 o. 920 1?761. 3e 12000. n. 
M.3. PLClol 314 30. 3.5 1845. s.o 0.75 2.00 · O.OOC251 1. 30 19 s. 1 c.o O. 6:JO 0.385 1660. o. 2000. o. 
~.3. PLOll 14 38. 3.5 18 45. 5.0 0.75 2. 00 O.ODC251 1.30 19 5. 1o.0 0.600 0.885 1660. o. 2000. o. 
OFF-SET O!SK H. 12.5 7727. 5.5 0.75 0.65 0.0')0251 1.80 193. 10.0 0.600 0.885 6?55. o. 2000. o. 
Sll~E? '> SF 62. 15.0 9494. 5.5 0.55 C.65 0.000251 1.80 1 91 • 1 o.o 0.600 o. 88 5 8545. o. 2000. o. 
FIELD CULTIVATOR 73. 9.5 1511. 5.5 0.75 1.00 c.0002~1 1.ao 31. 1 o.o 0.600 0.985 1432. o. zcco. o. 
FlELD CULTIVAlCR 74. 9.5 15 91. S.5 0.75 1.00 0.000251 1.80 1 C Oo 10.0 0.600 0.885· 1432. o. 2000. o. 
Al.~YD5'0JS APPLIE 85. 28 .o 4747. 5.5 0."> 7 1.00 0.000631 1.60 SJ. 10.0 0.600 0.585 4272. o. 1 coo. o. 
STUBBLE DRILL!./F 86. 13.2 12 s 4 s. 4.5 0.65 C.65 0.000251 1.80 65. 10.0 0.600 0.885 1156C. o. 1000. o. 
STUBBLE ORILLM/F 87. 26.4 26158. 4.5 0.65 C.65 0.000251 1.80 100. 1 o.o 0.600 o.ses 23542. o. 1COO. o. 
OR~ FERT. SPREAD 9 5. 60 .o o. 5.5 0.65 0.75 o.ooozs1 1.ao H. 10.0 0.560 o. 885 o. o. 1000. o. 
SPRAYER 98. 47.0 3830. s.s 0.60 0.65 0.000251 1.80 82. 10.0 0.600 O. !l8S 344 7. o. 10 oo. o. 
f-" 
(.) ----· w 
Table 37. System 22-- 50% System 1 
50% System 2 
Conventional Tillage (Plow) 
Conventional Tillage (Chisel) 














11 12 13 14 15 16 1? 18 
JUI FEB MAR NOV DEC PRICE WEIGHT UNIT ITEM TYPE CONT 
CODE CODE LINE 
PRODUCTION 
1 II HE 4T 
Z GRAZING 
c.o o.o c.o 
0.20 0.15 c.o 
o.o 
o.o 
NUMBER OF UNITS 
a.a 32.0[) c.a 







c.o c.o 4.45a 











11 WHEAT SC:ED 
12 1 S-46-0 F ERT 
13 ANHYDROUS A~HON 
14 PAR ~TH!ON 
15 CUSTO~ CO~oi~E 
16 CUSTC~ HAULI~G 
17 R:Ni FERT £?~DER 
18 2-4-0 











37 OfF-s T o:sK c.o 
33 OFF-S T DISK C.0 
39 H.B. LOW 516 C.Q 
41 A~HfO GUS A?PLic C.0 
42 ORY f RT. S?READ O.O 
~3 FIELD C~LTlYATOR C.a 
44 DRILL 11/D FERJ. 0.0 
45 SPRAYE~ C.0 





















































































































































































































































3. o .. 
3. o. 
3. o. 
3.., o .. 

















Hi:oCi-1 TYPE CONT 
CC DE 
5 oJ. 4. -1. 
5J. 4. o. 
34. 4. o. 
85. 4. a. 
95. 4. o. 
80. 4. o. 
94. 4. o. 
93. 4. o. 
43. 4. o. 
--------ccLu~~-----1-----2-------3-------4------5-----;-------7-------~------9-----15------11-----12·-----;3------14--·-15·---16---
tt•~E OF ~ACn!~E CODE WIDTH INITIAL SPEED FIELD RC1 RCZ RC3 HOU~S YEAaS RFV1 RFV2 PU~CH•SE FUEL HOURS HP 
T'ACTOR 131 
TKAC TOK 18•J 





Oi<ILL W/O FE H. 























PRICE ENCY ANNUALLY LIFE 
41256. o.o o.se 1.25 o.aooo31 1.60 547. 10.c o.630 0.920 37130. 3. 12eoo. 131. 
545~3. o.o 0.38 1.zo O.COCo31 1.60 559. 10.0 a.630 a.920 49106. 3. 120JO. 180. 
4130. s.a 0.75 2.00 o.cacz51 1.3C 2C4. 1C.O 0.600 0.!85 3735. o. 2COO. o. 
31?4. 4.5 0.75 1.20 a.OOC251 1.so 190. 1c.a 0.600 a.385 2374. o. 200C. o. 
12094. 5.5 0.75 0.65 O.OOC251 1.80 184. 10.a 0.600 0.385 1a885. O. 2COO. O. 
9208. 5.5 J.75 1.00 O.OOC251 1.BC 135. 10.a 0.600 0.885 8287. O. 2000. O. 
4747. 5.5 a.67 1.ao 0.0000~1 1.60 99. 1c.o 0.600 o.885 4272. a. ioco. a. 
14372. 4.5 0.70 0.65 a.a00251 1.so 81. 1c.a 0.600 0.885 12935. o. 1oca. a. 
O. 5.5 0.65 C.75 0.000251 1.80 48. 1a.a a.56a 0.~85 Q. O. 1000. O. 
3830. 5.5 0.6a 0.65 o.oaC251 1.80 66. 10.0 0.600 o.sas 3447. o. 1CCO. a. 
----------~5~ii-~i~5-iij~~i~~;-ii~~5-5~-iii6-i~i~i7i~ii------------------------------~~;~i~----~i~~i~~i;-~5~~~~;i~i--1i ____________ _ 
80% TIMELINESS 10 HOUR OAYS EQUIPMENT CO~PLEMEiT 14 




TOTAL COSTS PER ACRE RANKED BY SYSTID-f 
WITH VARYING WAGE RATES, DIESEL FUEL 
PRICES, Al\TD INTEREST RATES 
135 
Table 38. Total Costs Per Acre Ranked by System With $4 Per Hour Labor 
Diesel Fuel Prices ($/Gallon) 
1..20 1.1.Q__ 2.20 
Ir:terest Rates 
System. 0.12 0.17 0.22 0.12 0.17 0.22 0.12 0.17 o.n 
l Oil. 9t> 106.71 112.45 105. ') 5 11 () .96 116.88 11)9.13 115 .2 2 1z1 f' 31 
2 I 00 •l C 1 <J5.Sl 110.91 1 04 ,5 3 I 10. I 2 115.72 108.96 114.74 12·>.52 
3 99.83 I 04 ,95 11 o ,o a 1 01. 83 101.03 112.24 103.83 109.12 114.40 
4 l JI ,74 106.62 1 I l ol50 1 0::1,:}5 I 07 ,9 B l 12 .91 10th36 \09 .:H 114.32 
5 101.41 106 ·" 2 11 I ,44 1 () ;;:, 48 107.53 112.59 113.54 108.64 113.74 
6 107.66 113.79 1 19. 9 1 109 .1 4 115 ,32 1 21 .5 () 1 Io .61 11 6 .as 123.10 
7 I 14 ,()8 11 9 .64 125 .2 () 1 1 s .na 120.67 126.27 111:.oa 121. 71 127.J4 
8 'l 3.48 119.16 124.84 114.23 119.94 125.65 • 114.98 12:)"72 126.46 
9 l 04 .11 10<;.68 115.25 106.84 1 1 2 .52 1 16 .20 109.57 1 l 5 .36 121.16 
10 104.00 109 .64 1 i 5 027 106.61 112.35 11s.10 10 9 .2 1 11 S.07 1 20 .92 
1l l 09 .1 C> 114.82 120.53 1 11 • o5 117 •• 7 123 .2 9 I ! 4 ,2 0 120 .12 126.1'5 
12 10 5 .97 1 I l 042 l 16 .ea 106.09 113.63 l 19.t 7 1 lo. 21 115.e4 121 .~ 6 
13 I 04, 7C> 110.36 1 16. o I 107.83 I 13 ,62 119 .4 I 1 I 0 .97 116 .99 122.81 
14 l ~ 4 .~ & I! Oo 18 115.91) 107.46 113.30 11<;.15 110.45 110.42 122.39 
15 110.06 ... ttS.66 12 I .E>6 I 12. 77 118. 69 124.60 115 .49 121.51 127a54 
16 110.is 116.24 122.33 112.94 119 .04 125 .24 1 I 5 • 53 121 .811 128.15 
1.7' 1 <H .64 1 oo .a& 1 11 .es 103.54 1 o e. 62 113.71 I 05.24 1 I Oo 3 9 115 .5 5 
18 99.56 104.41 109.25 100.98 105,BB 110.79 10 2 .4 0 107,36 1l2.32 
19 102.94 1".le.11 113 .2 8 I 04 ,27 109.49 1 14. 71 1os.60 110.87 lt6.14 
20 102.36 I 0 7 ,5 2 I 12 .67 I 03, 79 108.;l9 114.19 105.19 11Cl.45 11 !!. 71 
I 
21 103.32 108.91 I 14. 51 106.37 I 12 ,09 117.82 109.42 ' I 15 .27 121.12 
I-' 
22 99 .36 1 04 .64 I IO ,31 1•n.62 109,ZB 114. 93 107.8 9 1I'3·72 1 19 ,55 l.V 
Ci\ 
Table 390 Total Costs Per Acre Ranked by System .With $7 Per Hour Labor 
Diesel Fuel Prices ($/Gallon) .. 
1.20 1. 70 2.20 
· Interest Rates 
System 0.12 0.17 0.22 0.12 0.17 0.22 0.12 0.17 C.22 
10 4. 71 ll0o46 1160 20 108080 114071 120. 63 112088 110.97 125 005 
2 103ol9 108.59 114 .no 10 7 .52 11 3o2 l l l 6 08 l 112.1)5 1 ! 7 .83 123. 61 
3 ;. o 1 .n 3 l 06 .15 111.28 103.03 108 .23 11J.44 l 0 5o03 110. 34! l l 5 .60 
4 103030 t oa.1 a 11Jo06 1 04 06 l 1 09054 114 ,4 7 l 0 5 -92 11 o.9o. l 15. 88 
5 l 02 .se 107.59 112061 103.65 108070 l l Jo 7 6 104.71 109.a1 114 .91 
6 1aBo86 11'.lo 99 121oll 11 0 034 1160 5 2 122.70 111081 1 180 05 124 .Jo 
7 1: 5 022 120 078 126 .34 116. 22 121.!!l 127 o4 l l 1 7 .22 122 .!IS 128048 
8 114. 23 119 .9 l 125. 59 114 .;is 120.!>9 126.40 11 5o 7J 121.47 1 27 .21 
9 107.35 l 12o 9 2 118049 110 .o 8 11s.76 121 ,44 l l 2 .01 l 1a.60 124.40 
2G l 07 oi>J 112 .67 110 .Jo 109. 64 115.38 12 1. 13 112. 24 110.10 12 3 ,9S 
11 112.1 0 117.82 123. 53 1 14 06 5 120047 126029 11 7 o20 123012 129o'i>S 
12 l 0 !! o4 9 l 1 3 ,;i ~ 119 040 110061 115015 121 069 112.73 1 18 .J 6 12 Jo 96 
13 107028 112094 118059 110.41 l 16 .20 121.99 11J.55 119.47 125,39 
14 1 06 .83 112.55 118 .2 7 l 09 .83 115. 67 121 .52 112002 118 .7 ~ 124.76 
15 l l J ,o 6 118 .86 124.66 11 5. 77 121 ,59 127.60 118.49 124.51 13 (I ,54 
16 112.25 118.34 124. 43 114 ,94 121.14 127 .J4 11 7 .63 123.94 130025 
17 103.73 108.75 l 1J.77 105.43 1 i 0 051 115.60 107.13 112 .2e 117044 
18 101. ')9 105.94 l 1o.78 10 2 .s l 107.41 112.J2 l 03. 93 1o0. 89 1 13 .as 
19 104 .• J2 1 09 ,49 114.66 l 0 5 .65 11 o. 87 1 16 .09 106 .98 112 .2s l l 7o 52 
20 lOJ.22 lo 0.36 113.51 104.63 l 09 .83 l 1 5. 03 106.03 l l lo 29 116 .ss 
21 107.")1 112.60 11802:> l 10 .06 115.78 1 21 .s 1 113 .11 118.96 1.24081 
!-' 
22 1 02 ,JO 107078 11 J .25 106.56 112 .22 117.87 11 o .0J . 116 .66 122 ,49 
w ...__. 
-··------
Table 40. Total Costs Per Acre Ranked by System With $10 Per Hout Labor 
Diesel Fuel Prices ($/Gallon) 
1.20 LIQ__ 2.20 
Ir.terest Rates 
System 0.12 0.17 0.22 0.12 0.17 0.22 0.12 0.17 0.22 
108.46 l 14 .21 l 19 .95 112.s5 118.46 124.38 116. 63 122.72 !26o8t 
2 1o6 .2 e !~1.68 117.09 110 .7 1 l 16 .30 t 21.90 11 5.14 l 20 .Q 2 126 .7 l 
3 102.23 1 07 .3 5 l I 2 .; 8 104.23 t09.43 1 I 4. 1;4 106 .2 3 l 11. 52 I l ~ • 80 
"' 1 ~4 .a.~ 109.74 1 I 4. 6.2 10 .... 1 7 111.10 1 16 .03 107. 48 1 12.46 11 7. 44 
5 10 3. 75 108.76 113.78 !04.82 l 0 9. 87 114. 93 10 5 .s 8 110.98 1 1 6 .oa 
6 ll:J.16 116.19 12 2 .3 \ 111.54 117.72 12 3 .9 0 1 13. 0 1 1' 9. 2 !;) 125.50 
7 116 .36 121.92 127.48 117.36 122.95 128.55 118.36 12 3 .?9 129.52 
8 1J4.98 120 .66 126.34 115.73 121.44 127.15 1 16 ·" 8 122.22 i27.96 
9 110.s9 116. I 6 121.7 3 113.3.2 I 19 .o o 12 4 .68 11!5.05 l 21 .:n 12 7 ·6• 
l!l I !0.06 115 .7 :> 1 21 .3 3 I 12. 67 11 e. 41 l 2 4. I 6 I! 5 .27 12! .. 13 12 6 .-98 
u 115 .1 0 12o~a2 126.53 11 7.65 12 3 .4 7 129.29 120.20 120.12 132.05 
12 111.01 1 I 60 4 6 1 21. Q2 113.13 11 e. 67 124.21 l l 5 .2 5 120.sa 126.50 
13 1 0<;.06 115 .5 2 121.17 l 12. 99 116.78 1 24 .s 7 116.13 122,1)5 127.97 
14 109 .20 1 l 4. 92 lZ'l.64 112.20 11 8 .o ~ 123.89 l I 5. l 9 121.16 127 .1 3 
l5 116.06 1 2 l .e6 
127 ,66 118.77 124.09 13o.60 12 1 .4-9 127.51 133 .54 
16 114.35 !20e44 
126. 53 l ! 7 .J4 12 3 .24 l 29 .44 1 l 9. 73 12 0 ,'.) 4 >32.35 
17 105.62 ! ! ,l.64 
115.66 10 7. 32 112 .40 117.49 1 09 .:> 2 114.17 1. 9 .J3 
18 1!>2.62 107 .4 7 
112.31 104.04 l 0 6 .9 4 113 .as 105.46 110.0,2 115.36 
1 ;I 
l 05. 7;) 110.67 1 I 6• 04 107 .o 3 l l 2 .25 117.47 103.36 11 3 .63 1 ! e .9 o 
2J 104.06 1 09 .20 
114.35 105.47 110.67 115.87 I 0 6 .a 7 112.! J 117.39 
11 ') .1:) 1 16. 29 121.69 113.75 119 ... 7 125 .20 116.80 122 .65 128.SO 21 I-' 
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